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Neuroendocrine neoplasms (NENs) include a heterogeneous group of tumors derived
from neuroendocrine cells, most commonly arising from the gastro-entero-pancreatic (GEP)
and bronchopulmonary tracts [1,2]. Although NENSs have traditionally been considered
rare tumors, their incidence has greatly increased over recent decades, partially due to better
disease knowledge, the spread of large-scale screening campaigns, and an improvement in
diagnostic tools, particularly endoscopy and nuclear medicine. Moreover, the increased
incidence was particularly relevant in the stomach (15-fold) and rectum (9-fold), as a
reflection of the increased use of endoscopic procedures, including the colorectal screening
campaign [3]. Data from the Surveillance, Epidemiology, and End Results Program (SEER)
database of the US National Cancer Institute suggested that NEN were more prevalent
than hepatobiliary, esophageal, and pancreatic adenocarcinomas combined [4]. According
to a recent population-based study that included a total of 43,751 patients, the age-adjusted
incidence rate of GEP-NENSs increased 6.4-fold from 1975 to 2015; among site groups, the
incidence of rectal NENs increased most significantly, whereas as for stage and grade, the
incidence increased particularly for the most localized GEP-NENs and G1 neoplasms [5].
Furthermore, reflecting both the rising incidence and the indolent nature of NENSs, the
20-year limited-duration prevalence of GEP-NENSs increased significantly from 0.00138%
in 1996 to 0.03917% in 2015 [5]. Of note, even if the increase in incidence characterized all
sites and stages, it was markedly greater for the localized stage, as a consequence of an
improved diagnosis of asymptomatic, early stage disease, whilst the proportion of patients
with metastatic disease has remained constant over time [6].

Historically, NENs have proven difficult to diagnose, given their nonspecific presen-
tation, which can overlap with other clinical conditions. In this regard, the most typical
example is represented by patients with small bowel NENs who often present with vague
symptoms and are erroneously diagnosed with inflammatory bowel disease and/or irrita-
ble bowel syndrome by general gastroenterologists. As a matter of fact, NENs are often
diagnosed when they are already metastatic with a consequent dismal prognosis. However,
the improvements in widely used imaging modalities together with endoscopy and nuclear
medicine have led to the increased detection of early stage, asymptomatic diseases, which
in turn, are characterized by more favorable outcomes [7].

It is, therefore, important to keep in mind that, besides the well-known improvement
in diagnostic tools over the years, the increased incidence might be partially dependent on
better disease awareness. Furthermore, even if the reportedly improved outcomes with a
consequent rise in the prevalence of NENs might be partially attributable to stage migration
due to the increase in early stage diagnoses [6], the improvements in systemic therapy have,
indeed, also contributed.

Another interesting aspect to be considered as a possible explanation for the registered
increase in NENs’ incidence is the risk factor exposure; however, only a few factors with
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inconclusive results have been identified so far. A family history of any cancer, smok-
ing, and gall-bladder disease/cholecystectomy have been reported to be associated with
~a 1.5-fold increased risk of developing small bowel NENSs [8]. Defined risk factors for
pancreatic NENs include a family history of multiple endocrine neoplasia type 1 (MEN 1),
which confers a 30-80% lifetime risk for developing these neoplasms, smoking, alcohol,
and diabetes mellitus [9]. However, solid evidence is lacking regarding the actual role of
these risk factors in the development of NENs.

Overall, a significant increase in both the incidence and the prevalence of NENs
has been registered over the last decades, particularly in the United States and Canada;
however, although to a lesser extent, this positive trend has also been observed in Europe
as well as in Asia, thus highlighting the true increase in NENs. The reported differences
according to geographic areas might be partially due to heterogeneity of data capture by
different registries or to underlying biologic factors, environmental factors, and health care
patterns, although a clear-cut explanation is still lacking.

Several improvements have been registered in the diagnostic setting. First, the diagno-
sis of small bowel NENs, which has always been extremely challenging because of both
the lack of specific symptoms at presentation and the poor accessibility of the distal small
bowel, has hugely improved with the advent of capsule endoscopy and double-balloon
enteroscopy, although solid evidence regarding their actual role in the neuroendocrine
setting is still scarce [10]. Ultrasound endoscopy (EUS) represents the diagnostic gold
standard for pancreatic NENs and the technique of choice for the loco-regional staging of
gastric, duodenal, and rectal NENs [11]. According to the latest European Neuroendocrine
Tumor Society (ENETS) Consensus guidelines, EUS was proven to be the most accurate
diagnostic technique in pancreatic NEN detection, leading to an up-to-94% sensitivity [12].
Furthermore, advanced EUS techniques may be helpful in the differential diagnosis of
pancreatic NENs and the choice of the best-suited treatment. Regarding nuclear medicine,
the sensitivity of 68Ga-SSA PET/CT for NEN is >90%, with specificity ranging between
92% and 98% [13]. It plays a pivotal role in the detection of the primary tumor being able
to detect even small lesions (i.e., 5 mm) and in the identification of mesenteric lymph nodes
and/or local tumor extension to determine the most appropriate surgical approach; it is
also necessary for disease staging, being accurate in the detection of distant metastases,
particularly bone metastases, in which the presence significantly affects patient’s prognosis.
Another aspect to be explored is the role of biomarkers in the diagnosis and the follow-up
of NENs. Chromogranin A, the most commonly known neuroendocrine general biomarker,
is characterized by a low-specificity and might be more useful in the follow-up rather than
in the diagnostic setting as a screening tool due to the suboptimal specificity [14-16]. On
the other hand, the NETest represents the first successful attempt to provide a multiana-
lyte signature in the blood that has clinical utility in the management of this composite
disease. In an ideal world, the societies and guidelines should promote the introduction of
novel technology utilizing real-time mathematical analysis of transcriptome-based disease
assessment [17].

In terms of therapeutic options, the management of some tumors has changed over
the years as there is, indeed, a trend toward less invasive approaches. The most typical
example is represented by pancreatic NENs. Considering that, in the most recent decade,
we observed a dramatic increase in the diagnosis of small, incidentally discovered, non-
functioning pancreatic NENs [3,5], and a clear relationship between the tumor diameter and
the risk of malignancy and recurrence has been reported [18], ENET guidelines started to
recommend a “wait and see” approach for small asymptomatic non-functioning pancreatic
NENSs [12], and a European trial is currently ongoing [19]. Furthermore, endoscopic ablative
technologies may also be utilized in patients with pancreatic NENs not suitable for surgery
or who refused the surgical approach. Duodenal NENs are heterogeneous, still poorly
understood tumors as, despite clear differences, their management is treated along with
either gastric or, if functioning, pancreatic NENs. Endoscopic resection is increasingly
performed instead of surgery. However, duodenal NENSs are characterized by a highly
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variable prognosis and, despite the small size, can be metastatic in up to 55% of cases,
either at diagnosis or thereafter [20]; additionally, considered that conventional imaging
has a poor detection rate for loco-regional nodes and micro-metastases in the presurgical
setting, the choice of local conservative approaches, including endoscopy or local surgical
excision, should be carefully balanced and discussed by a multidisciplinary team and EUS
should always be included in the preoperative phase for a more accurate local staging [21].
Rectal NENs have shown a dramatic increase in their incidence, as they are more and more
frequently incidentally found during screening colonoscopies. A conservative approach
(i.e., endoscopic resection) is recommended for well-differentiated rectal NENs smaller
than 10 mm, whereas the best management of tumors between 10 and 20 mm, in which
the metastatic risk is intermediate and the endoscopic treatment can be challenging, is
still unclear [22]. Several medical therapies for NENs are currently available, including
somatostatin analogs, targeted agents, and chemotherapy; a specific mention should be
reserved for Peptide Receptor Radiotherapy (PRRT), which based on the recent randomized
controlled trial [23], has become an established treatment for malignant metastatic GEP-
NENSs. As a future perspective, trials focusing on immunotherapy are ongoing for patients
with NENSs, but no clear-cut data are currently available.

Although NENSs are becoming less rare tumors and knowledge of these neoplasms
is increasing, given their biological heterogeneity, there is an urgent need for standard-
ized guidelines for the proper management of these neoplasms, which should always be
referred to tertiary referral centers. Even if many reports and guidelines regarding NEN
management are available and new treatment options for clinical management have been
developed, many patients are still referred to specialists with no or low expertise in the
neuroendocrine field with a consequent diagnostic delay. It is, in fact, not uncommon
that a NEN patient is managed in non-NEN specialized or dedicated structures, where
the management of the patient relies on the vision of a single doctor, or on the choice of
the patient and/or family to seek second opinions elsewhere. To avoid such scenarios,
a multidisciplinary approach and a network between referral centers are necessary to
offer every patient the best approach from both a diagnostic and a therapeutic view. It is
mandatory to develop novel research strategies to better define diagnostic and therapeutic
algorithms, particularly for some specific subgroups of poorly known tumors, including
duodenal NENSs and functioning tumors. The close cooperation between peripheral and
referral centers, and the creation of international disease registries need to be encouraged.
The advances in molecular and genetic sciences may be helpful for the application of novel
approaches, including neoadjuvant or adjuvant targeted options.
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Abstract: Introduction: Scarce data exist for therapy regimens other than somatostatin analogues
(SSA) and peptide receptor radiotherapy (PRRT) for siNET. We analyzed real world data for differ-
ences in survival according to therapy. Patients and methods: Analysis of 145 patients, diagnosed
between 1993 and 2018 at a single institution, divided in treatment groups. Group (gr.) 0: no treat-
ment (1 = 10), gr 1: TACE and/or PRRT (1 = 26), gr. 2: SSA (n = 32), gr. 3: SSA/PRRT (n = 8), gr. 4:
chemotherapy (1 = 8), gr. 5: not metastasized (at diagnosis), surgery only (1 = 53), gr. 6 = metastasized
(at diagnosis), surgery only (1 = 10). Results: 45.5% female, median age 60 years (range, 27-84). A
total of 125/145 patients with a resection of the primary tumor. For all patients, 1-year OS (%) was
93.8 (95%-CI: 90-98), 3-year OS = 84.3 (CI: 78-90) and 5-year OS = 77.5 (CIL: 70-85). For analysis of
survival according to therapy, only stage IV patients (baseline) that received treatment were included.
Compared with reference gr. 2 (SSA only), HR for OS was 1.49 (p = 0.47) for gr. 1, 0.72 (p = 0.69) for
gr. 3,2.34 (p = 0.19) for gr. 4. The 5y OS rate of patients whose primary tumor was resected (1 = 125)
was 73.1%, and without PTR was 33.3% (HR: 4.31; p = 0.003). Individual patients are represented in
swimmer plots. Conclusions: For stage IV patients in this analysis (limited by low patient numbers
in co. 3/4), multimodal treatment did not significantly improve survival over SSA treatment alone. A

resection of primary tumor significantly improves survival.

Keywords: neuroendocrine; diagnosis; delay; metastases

1. Introduction

Neuroendocrine tumors of the small intestine (siNET) are a subgroup of gastroen-
teropancreatic neuroendocrine tumors (GEP NET), a rare entity with an incidence of
2.5/100,000 per year in Europe [1,2]. Among the GEP NET, siNET comprise about one third
of cases, rendering them the largest subgroup together with the pancreatic NET (pNET) [1].

siNET are separated in different groups according to their grading, which is mainly
deducted from a positive staining for the proliferation marker Ki67 and, to a lesser extent,
the mitotic count [3]. Well-differentiated tumors with a Ki67 index of <3% are classified
as G1 and, with a Ki67 of 3-20%, as G2. Poorly differentiated neuroendocrine neoplasms
(NEN) with a Ki67 index above 20% are, based on morphological features, divided into
NET G3 and small- or large-cell neuroendocrine carcinomas (NEC) with implications for
treatment and prognosis [3].

In general, treatment options for small intestinal NEN depend on their grading,
presence and localization of metastases and somatostatin receptor expression as assessed
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by functional imaging, such as somatostatin receptor scintigraphy or somatostatin receptor-
directed positron emission tomography—computed tomography (PET-CT) with specific
tracers such as ®8Ga-DOTATOC or ®3Ga-DOTATATE [4-6]. Some treatment modalities for
NETs have been investigated in large phase II and III clinical trials; these include surgery for
localized and metastatic disease, systemic treatment with somatostatin receptor analogues,
or tyrosine kinase inhibitors in metastatic patients, as well as peptide receptor radionuclide
therapy (PRRT) in patients with a positive somatostatin receptor expression on the tumor
cells [7-13]. In individualized treatment protocols for selected patients or for high-grade
tumors (G3), systemic chemotherapy is also an option [14-17]. Locoregional treatment
such as transarterial chemoembolization (TACE) can be used in selected patients with
predominantly liver metastases or treatment refractory carcinoid syndrome [18,19].

However, since patients with siNET often have a favorable prognosis with 5- and
10-year OS of 67 and 37%, respectively, as a recent meta-analysis reported [20], and un-
dergo several lines of different treatments, the significance of the aforementioned results
from clinical trials for real-world situations is sometime difficult to translate, especially
in patients beyond classical first- or second-line treatments. In addition, some patients
develop metastases with growth patterns that differ from the initial histological result with
the need for individualized treatment plans.

The aim of our study was, thus, to assess survival according to treatment in patients
with siNET, with an emphasis on metastasized patients and with regard to imaging and
laboratory modalities in a real-life setting in a tertiary referral center.

2. Patients and Methods
2.1. Study Design

The present retrospective, single center study was performed to investigate the sur-
vival according to therapy in patients with siNET. The study was approved by the in-
stitutional review board (internal reference number 319/16) of the University Hospital
Frankfurt. Informed consent to participate in the tumor documentation registry was ob-
tained from all living patients. Inclusion criteria of the study were diagnosis with siNET
and age > 18 years.

2.2. Patient Data

The study database was based on the local electronic hospital charts and was trans-
ferred to the local tumor documentation system (Giessener Tumordokumentationssystem,
GTDS). A specific NET data set was designed and used for documentation of all patients.
The data set included epidemiological and clinical data from 1993 and is explained in detail
in Supplementary Table S1. The database has been used for additional analyses without
thematically overlapping [21] Data closure and end of follow-up was 15 March 2019).

2.3. Swimmer Plot

The data transformation, data cleansing and plotting algorithm was implemented
as interactive Python Notebook (ipynb) in JupyterLab 3.0, using the python 3.7 language
with matplotlib 3.2.2, pandas 1.2.0 and numpy 1.19.5. Data operations and the plotting
algorithm can be found in the Swimmer_plot.ipnb in the Supplementary Materials.

2.4. Statistical Analyses

Statistical analyses were performed according to international standards and have
been described by us and others previously. Analysis was carried out using International
Business Machines Corporation (IBM) Statistical Package for the Social Sciences (SPSS) for
Windows (version 22.0; IBM, Chicago, IL, USA), BiAS (version 11, Frankfurt, Germany), and
R (version 3.5.1, Vienna, Austria). Categorical variables were described in frequencies and
percentages. Continuous variables were represented as a median and range. Continuous
variables were compared using the Wilcoxon-Mann-Whitney-U test. All tests were two-
sided and p-values < 0.05 were considered statistically significant.
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3. Results
3.1. Demographics

A total of 145 patients were included in the analysis (Figure 1). A total of 45.5% of
all patients were female; the median age was 60 years (range, 27-84). The primary tumor
was located in 17.9% in the duodenum; in 6.9% in the jejunum; in 63.4% in the ileum; in
0.7% in Meckel’s diverticulum; and in 11.0%, the primary location was NOS (not otherwise
specified) in the small intestine.

| 145 SINET patients |

—)I 76 Stage |-l patients

—>| 4 patients lost-to-follow up |

\4

| 65 used for survival analysis |

Figure 1. CONSORT diagram.

3.2. Survival According to Therapy

First, we sought to analyze the survival of all patients with siNET. One-, three- and
five-year overall survival probability of all patients regardless of their treatment was 93.7%,
84.3% and 77.5%, respectively. The median overall survival (mOS) was 17.13 years (95%-CI:
8.99-NA years), and the median progression-free survival (mPFES) of all patients was 6.21
years (95%-CI: 3.95-8.46 years) (Figure 2).

Overall Suvival All Patients

1.001
>
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©
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Figure 2. Survival probability, Kaplan-Meier analysis; median overall survival (mOS) was 17.13
years (95%-CI: 8.99-NA years).
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However, since NET patients often undergo several treatment lines over many years,
which might be overlapping (e.g., somatostatin analogs and locoregional treatment), paused
for a certain time or repeated after a few years, which might influence their survival, patients
were divided into cohorts depending on the different regimens. Patients in group 5 were
not metastasized at diagnosis, and all other patients had metastases.

Group 0: no treatment (1 = 8), group 1: SSA parallel with TACE and/or PRRT (1 = 26);
group 2: SSA (n = 32); group 3: SSA followed by PRRT (1 = 8); group 4: chemotherapy
(n = 8); group 5: not metastasized (at diagnosis), surgery only (1 = 53); group 6 = metasta-
sized (at diagnosis), surgery only (n = 10). Each patient’s treatment sequence is visualized
in Figure 3a—f by a “swimmer plot”. Group 0 was excluded from further analyses due to
insulfficient follow up data (e.g., lost to follow-up, only imaging in our clinic without further
contact, only second opinion). The median time of follow up for metastasized patients
(n = 65) was 2584 days (IQR: 1324; 3634).
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Figure 3. (a): Swimmer plot, group 1: patients (1 = 32) treated with SSA alone; colors denote the
final status (details in the figure legend), symbols denote different treatments. (b): Swimmer plot,
group 2: patients (1 = 26) treated with SSA parallel with TACE and/or PRRT; colors denote the final
status, symbols denote different treatments. (c): Swimmer plot, group 3: patients (n = 8) treated
with SSA followed by PRRT; colors denote the final status, symbols denote different treatments.
(d): Swimmer plot, group 4: patients (1 = 8) treated with chemotherapy; colors denote the final status,
symbols denote different treatments. (e): Swimmer plot, group 5: patients (1 = 53) not metastasized
at diagnosis, local resection; colors denote the final status, symbols denote different treatments.
(f): Swimmer plot, group 6: patients (n = 10) metastasized at diagnosis, surgery only; colors denote
the final status, symbols denote different treatments.

When comparing survival in the different cohorts that included stage IV patients,
five-year overall survival probability was 63.8% in group 1, 62.4% in group 2, 66.7% in
group 3, 42.2% in group 4 and 66.7% in group 6 (Figure 4). Survival probability shown
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as Kaplan-Meier curves of groups 1, 2, 3, 4 and 6 are shown in Figure 5. Hazard ratios
for survival with reference group 2 (SSA only) were 1.49 (p = 0.467) for group 1, 0.715
(p = 0.693) for group 3, 2.34 (p = 0.191) for group 4, and 1.07 (p = 0.920) for group 6.
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Figure 4. Five-year overall survival probability, groups 1-4 and 6 (metastasized patients) as percentages.
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Figure 5. Survival probability, Kaplan-Meier analysis; reference group 2 (SSA only).

3.3. Survival According to Ki67 Index

The choice of treatment for siNET patients depends, among others, on the Ki67
index. Therefore, we also analyzed survival according to the respective grading (the WHO
classification of 2010). An exact Ki67 staining result was available for 107/145 (73.8%)
patients; grading (partly without an exact Ki67 staining result) was available for 129/145
(89%) patients. Five-year overall survival of patients with a G1 tumor (n = 84) was 77.9%
and, thus, longer if compared to 54.2% in patients with G2 (n = 43) or G3 (n = 2) tumors
(HR: 2.23; p = 0.061; Figure 6a). Progression-free survival rate in patients with G1 tumors
was 45.4% significantly longer as compared to 21.8% in patients with a G2 or G3 tumor
(HR: 2.06; p = 0.015; Figure 6b).
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Figure 6. (a): Survival probability according to histological grading, all patients. (b): Progression
probability according to histological grading, all patients.

3.4. Survival According to the Resection of Primary Tumor

In siNET, the resection of the primary tumor might be of benefit for the patients also
in a metastasized stage. Therefore, we also analyzed survival in patients with or without
resected primary tumor. Five-year overall survival of patients whose primary tumor was
resected (1 = 125) was 73.1% and, thus, significantly longer if compared to 33.3% in patients
without a resection of their primary tumor (HR: 4.31; p = 0.003; Figure 7a). Three-year
progression-free survival of patients whose primary tumor was resected was 41.3% vs.
22.2% in non-resected patients and, thus, significantly longer (Figure 7b; HR: 2.27 p = 0.041).
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Figure 7. (a): Survival probability according to resection of the primary tumor, all patients. (b): Pro-
gression probability according to resection of the primary tumor, all patients.

4. Discussion

In this large cohort of patients, we analyzed survival according to treatment in patients
with siNET, a rare tumor and orphan disease. We found that, in line with the literature,
patients with low-grade NET had a better survival than patients with intermediate- or high-
grade tumors, and that patients benefitted from a resection of their primary tumor [22-25].

However, when analyzing survival according to treatment regardless of the Ki67
index, the picture is quite diverse. Patients often underwent long-term treatments with
prolonged phases without any therapy. Furthermore, for most patients, there was no clear
path as other malignant diseases with, e.g., first treatment A, followed by treatment B and
so forth. Instead, most patients received different treatments such as locoregional (TACE)
or systemic treatments in different order. Many patients underwent surgery for localized or
metastatic disease at some point of time, and most received SSA treatment. Taken together,
we decided to split the whole cohort in different subgroups according to the predominant
therapeutic regimen and visualized each patient’s pathway by a line in a classical swimmer
plot. One limitation of the study clearly is that, due to the retrospective design and the large
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time span, a clear division of all patients was not possible. Therefore, we chose based on
the predominant treatment the patient received for the majority of time. Similar analyses
have been published from the Swiss NET registry but without survival analyses [26].

Most metastasized patients in our cohort were treated with a combination of SSA
and locoregional treatments, either PRRT or TACE (for liver-dominant tumors) or both.
SSA followed by PRRT upon progression was administered to eight patients only. This
approach was recently prospectively investigated in the NETTER-1 trial [11], showing a
clear survival benefit for patients with disease progression treated with PRRT over patients
with dose escalation of the SSA (PFS: NR vs. 8.4 months; p > 0.001; HR 0.21).

Interestingly, the five-year survival probability in our cohort was comparable between
all groups except for the patients that received chemotherapy who showed a shorter
survival time, which was also observed by Faggiano et al. in a mixed cohort of G1/2 NET
patients [27]. They split up a cohort of 99 patients with >2 lines of treatment into four
different groups according to the therapeutic sequence, and analyzed PFS of first- and
second-line treatment. Interestingly, there was no significant difference in either line for
each group in this retrospective multicenter analysis. Toxicity, however, was higher in
patients receiving either chemotherapy or everolimus. Chemotherapy in siNET is mainly
administered in patients with G2 or G2 tumors with a Ki67 > 20%. In our cohort, there
were only two patients with a G3 tumor; the remaining patients were G1/2. However, due
to the low number, no clear interpretation is possible here.

The role of cytotoxic chemotherapy in siNET patients is still debatable since only
small series of patients with GEP-NET that received chemotherapy are described in the
literature, often mixed groups of patients with different primary tumors or combination
treatments [28].

Shortcomings of our study are the retrospective and single-center nature, although
we were able to analyze a large data set over a long period. However, due to possibly
incomplete data and difficult comparability of different subgroups as outlined above,
survival analyses have to be interpreted with caution.

Taken together, we show in this retrospective trial that treatment of siNET is rarely
carried out in a strictly linear manner and involves several therapeutic options. Survival,
however, is comparable between the groups and depends mainly on the resection of the
primary tumor and grading.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm11092358 /51, Table S1: Basic data set according to ADT/GEKiD
with UCT-specific additions.
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Abstract: Background: Duodenal gastric metaplasia (DGM) is considered a precancerous lesion. No
data are available regarding its possible role as a risk factor for duodenal neuroendocrine neoplasms
(dNENS). Aims: To assess the prevalence of DGM in a cohort of dNENs. Methods: Subgroup analysis
of a retrospective study including dNEN patients who underwent surgical resection between 2000
and 2019 and were observed at eight Italian tertiary referral centers. Results: 109 dNEN patients were
evaluated. Signs of DGM associated with the presence of ANEN were reported in 14 patients (12.8%).
Among these patients, nine (64.4%) had a ANEN of the superior part of the duodenum, one (7.1%) a
periampullary lesion, three (21.4%) a dNEN located in the second portion of the duodenum, with
a different localization distribution compared to patients without DGM (p = 0.0332). Ten were G1,
three G2, and in one patient the Ki67 was not available. In the group with DGM, six patients (35.7%)
were classified at stage I, five (28.6%) at stage I, three (21.4%) at stage III, and no one at stage IV. In
the group without DGM, 20 patients (31%) were at stage I, 15 (15%) at stage I, 42 (44%) at stage III,
and 19 (20%) at stage IV (p = 0.0236). At the end of the study, three patients died because of disease
progression. Conclusions: our findings might suggest that DGM could represent a feature associated
with the occurrence of dNEN, especially for forms of the superior part of the duodenum, which
should be kept in mind in the endoscopic follow up of patients with DGM. Interestingly, dNEN
inside DGM showed a more favorable staging, with no patients in stage IV. The actual relationship
and the clinical relevance of this possible association require further clarification.
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1. Introduction

Duodenal neuroendocrine neoplasms (ANENs) are rare and heterogeneous tumors that
represent up to 3% of all duodenal neoplasms [1]. They usually present in the 6th decade of
age with a slight male predominance [2]. Duodenal NENs are usually well-differentiated
neoplasms; however, they can be metastatic in up to 55% of cases [3]. Their natural history,
clinical characteristics, biological mechanisms, medical or surgical treatment, and prognosis
are still poorly understood.

Duodenal NENSs originate from aberrant neuroendocrine duodenal cell proliferation;
in this microenvironment, complex interactions take place. The recognition of the molecular
mechanisms participating in neoplastic transformation could increase the challenging
management of this disease. However, at present, little is known about the risk factors of
these neoplasms.

The normal mucosa of the duodenum is composed of absorbing columnar enterocytes
and secreting goblet cells. Duodenal gastric metaplasia (DGM) is characterized by the
replacement of the normal duodenal epithelial cells with gastric mucus-secreting cells
that resemble gastric foveolar epithelium. It is commonly considered a precancerous
lesion often associated with chronic inflammation. It is generally the consequence of
abnormally high production of gastric acid triggered by Helicobacter Pylori (HP) infection [4].
When hypersecretion reaches the duodenum, the enterocytes of the villi react with apical
mucin metaplasia to mitigate the unwanted low pH of the microenvironment. Besides HP
infection, DGM has been reported in association with other conditions, such as medications
(i.e., nonsteroidal anti-inflammatory drugs; NSAIDs), celiac disease [5], and Crohn’s disease
involving the duodenum [6]. However, DGM has been described also in the absence of
all these conditions, although its actual etiology in the latter group of patients is unclear.
Furthermore, DGM usually disappears following HP eradication [7], whereas the natural
course of DGM in celiac patients or patients without a recognized cause, even with the
application of a strict gluten-free diet, is still poorly known.

It still remains a question of debate whether DGM could represent a neoplastic risk
factor. A high frequency (40.5%) of DGM has been found in duodenal adenomas [8]. It
might be possible that metaplasia precedes the neoplastic transformation as has been
reported in other gastrointestinal malignancies including esophagus (intestinal metaplasia
in Barrett’s esophagus-dysplasia—carcinoma sequence [9] and stomach [10] and colorectal
cancer [11]). Furthermore, DGM has been associated with genetic alterations, such as
GNAS and KRAS mutations, which are involved in different types of tumors including
duodenal adenocarcinoma.

However, no data are available regarding the possible role of DGM as a risk factor for
the occurrence of dNEN. Taking into account these observations and the lack of clear-cut
data regarding the natural history of ANEN, we aimed at assessing the prevalence of DGM
in a cohort of dNENs. The secondary aim was to explore whether the presence of DGM
had any impact on the characteristics or outcome of the current cohort of dNENSs.

2. Materials and Methods

We performed a subgroup analysis of a retrospective study [3] including all consecu-
tive patients with dNEN, who underwent surgical resection between 2000 and 2019 and
who were observed at eight Italian tertiary referral centers.

All data were retrieved at the center where each patient had been diagnosed and
followed up. Participating study centers sent the anonymized data of patients to the lead
center. The study’s inclusion criteria were age > 18 years, histological diagnosis of dNEN
of any grade and stage, surgical treatment of the primary tumor, availability of complete
histopathological examination of the surgical specimen, and clinical data with a minimum
3 month follow up after diagnosis. The exclusion criteria were histological findings of
mixed neuroendocrine non-neuroendocrine neoplasms (MiNEN), age < 18 years, the use of
experimental drugs during the 2 months preceding inclusion in this study, and pregnancy
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or breastfeeding status. Due to the retrospective nature of this study, ethical approval
was waived.

The tumor characteristics analyzed comprised the site and the size of the primary
tumor, number of lesions, grade, and stage (i.e., localized, regional, distant, and un-
known). The patient’s characteristics included the age at first diagnosis, the presence
of genetic syndrome (i.e., multiple endocrine neoplasia (MEN)-1), and the presence of
functioning neoplasms.

Medical history data were collected and recorded by physicians in electronic health
records, comprising the clinical history, age at diagnosis, treatments received, clinical
and biochemical parameters, radiological imaging, endoscopy examinations, and nuclear
medicine imaging were recorded and evaluated at each referral center. The type of surgical
intervention was recorded for all the patients.

Neoplasms were classified according to the WHO 2019 classification [12] and staged
according to the current European Neuroendocrine Tumor Society (ENETS) TNM clinical
staging [13].

For each included patient, the endoscopic or surgical specimen and related histopatho-
logical data were assessed to verify the presence or absence of DGM. Concomitant treatment
with proton pump inhibitors (PPIs) was recorded.

Statistical Analysis

Descriptive statistics were used to summarize the data. Continuous variables with
normal distribution were expressed as the median (i.e., range); categorical variables were
reported as the count (i.e., percentage). All data were tested for distribution normality by
the Kolmogorov-Smirnoff test. The differences between groups were assessed with the
Mann-Whitney test and the Kruskal-Wallis test as appropriate. Comparisons between
groups were assessed using the x? test or Fisher’s exact test. The analyses were carried out
using GraphPad Prism version 6.00 (GraphPad Software, San Diego, CA, USA).

3. Results

From 2000 to 2019, 109 patients with histologically confirmed dNEN were included in
the study as previously reported (Figure 1).

Figure 1. Representative hematoxylin and eosin stain (A), synaptophysin (B) and chromogranin
(C) of a duodenal NEN in a 75 year old male patient. The neoplasia was characterized by low mitotic
activity (MIB1-labeling index: 0.2%, mitotic index: 0), and a final diagnosis of G1 neuroendocrine
tumor was reached (original magnifications: 40 ).

The DGM associated with a dANEN was reported in 14 patients (12.8%). None of these
patients had a concomitant HP infection, celiac disease, or Crohn’s disease. Concomitant
use of NSAIDs was excluded for all 14 patients.

The baseline characteristics of these 14 patients were compared to the clinical features
of the remaining 95 patients without signs of DGM (Table 1). We observed a male prevalence
in both groups, whereas the patients with DGM were older (61.5 versus 58 years old), even
if this difference was not statistically significant. In the two groups, the median diameter of
the neoplasms was similar (being quite small, namely, 15 in patients without DGM and
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11 mm in patients with DGM), and the majority of tumors were single. Location of the
primary NEN was significantly different between the two groups (p = 0.0332): among the
14 patients with DGM, 9 had a dNEN of the superior part of the duodenum (64.4%), 1 had
a periampullary neoplasm (7.1%), in 3, the dNEN was located in the second portion of
the duodenum (21.4%), whereas in 1 patient the location was not specified. Among the
95 patients with ANEN without DGM, the majority (42.1%) showed periampullary tumors.

Table 1. Baseline characteristics of patients with duodenal gastric metaplasia (DGM) associated with
duodenal neuroendocrine neoplasms (ANENs) compared to dNEN patients without DGM.

dNENs
h isti i P
Characteristics wlo DGM n (%) with DGM
n (o/o)
Number of patients 95 (87) 14 (13)
Age (years), median (range) 58 (17-83) 61.5 (32-74) n.s.
Gender (M/F) 57/38 (11/3) ns.
Location
Superior part of the duodenum 27 (28.4) 9 (64.4)
Periampullary 40 (42.1) 1(7.1) 0.0332
Descending duodenum 21 (22.1) 3(21.4)
7(7.4) 1(7.1)
Grading (12)
56 (58.9) 10 (71.5)
23 (24.3) 3(214) n.s.
7(7.3) 0
9(9.5) 1(7.1)
Diameter (mm), median (range) 15 (1.5-130) 11 (3-37) n.s.
Functioning (gastrinoma/somatostatinoma) 28 (294) 5(35.7)
Nonfunctioning (23/4) (/1) ns.
69 (70.6) 9 (64.3)
Single 82 (86.3) 11 (78.6) ns
Multiple 13 (13.7) 3(214) )
Stage (13)
20 (21) 6 (42.8)
15 (15) 5(35.7) 0.0236
42 (44) 3(21.4)
19 (20) 0
Type of surgery
Pancreaticoduodenectomy 58 (61) 3(21.4)
Total pancreatectomy 4(42) 0 0.0007
Duodenotomy + enucleation 28 (29.5) 6 (42.9) :
Partial duodenectomy + 5(5.3) 5(35.7)
lymphadenectomy
MEN-1 17 (17.9) 1(7.1) n.s.
Proton pump inhibitor 31 (32.6) 5(35.7) n.s.

As concerning grading, among the patients with DGM, 10 were G1; 3 G2; while
in 1 patient the ki67 was not specified. None of the tumors inside DGM was a poorly
differentiated neoplasm. Among the 95 patients without DGM, 56 were G1; 23 G2; 7 G3;
whereas in 9 patients the Ki67 was not available.

The staging had a significantly different distribution between the two groups (p = 0.0236);
in the group with DGM, six patients were classified as stage I; five as stage II; three as stage
III; no one at stage IV. In the other group without DGM, 20 patients were at stage I; 15 at stage
IT; 42 at stage IIL; 19 at stage IV.
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The type of surgery was significantly different between the two groups (p = 0.0007):
3 out of the 14 patients (21.5%) with DGM underwent pancreaticoduodenectomy, 6 (42.8%)
duodenotomy with enucleation, and 5 (35.7%) partial duodenectomy and lymphadenec-
tomy. Among the 95 patients without DGM, 58 (61%) underwent pancreaticoduodenectomy,
4 (4.2%) total pancreatectomy, 28 (29.5%) duodenotomy and enucleation, and five (5.3%)
partial duodenectomy and lymphadenectomy.

In the group of 14 patients with DGM, the 5 patients at stage III presented with lymph
node metastases at diagnosis and received treatment with somatostatin analogs (SSAs),
which were continued after surgery.

One patient out of 14 (7.1%) with DGM-associated dNEN and 17 out of 95 (17.9%)
with dNEN not associated with DGM were diagnosed with MEN-1 syndrome, without
any significant difference in the percentage of MEN-1. In both groups, the majority of
the tumors were nonfunctioning. Five patients (35.7%) were treated with proton pump
inhibitors (PPIs) versus 31 patients in the group without DGM (32.6%).

At the end of the study, three patients out of the 14 with DGM (21.4%) were dead,
of which only one was due to the fact of disease progression (occurrence of distant liver
metastases treated with SSA and chemotherapy). In the group without DGM, 18 patients
passed away (18.9%), 13 due to the fact of disease progression.

4. Discussion

Duodenal NENSs are rare neoplastic lesions born by the aberrant proliferation of the
neuroendocrine epithelial cells of the duodenal mucosa [3]. To date, no specific risk factors
for the development of dNEN are known; thus, more efforts should be made to identify
patients at risk (i.e., by the identification of preneoplastic lesions) in order to develop
disease-specific surveillance [14]. In our multicenter study, we demonstrated that the
existence of a DGM characterized a non-negligible percentage of dNEN cases, suggesting
this could represent a potential risk factor for ANEN. DGM was, in fact, found in almost
13% of the entire cohort of 109 dANEN patients surgically treated.

However, the actual percentage of DGM in the general population is poorly known as
variable percentages have been reported in the literature [15,16], and this might be worthy
of investigation.

The percentage reported in the current paper was, conversely, quite far from the high
percentage described for duodenal adenomas in which DGM has been found to be as high
as 40.5%, even if this percentage could be underestimated, considering this alteration has
never been described in relation with dNENS; therefore, one can hypothesize that with
increasing awareness, this finding could have a greater frequency.

Many studies have demonstrated that several lesions that were thought to be meta-
plastic may actually represent a potential precursor of common neoplasms. For example,
colorectal hyperplastic polyps, which exhibit preserved overall crypt organization and
no epithelial dysplasia [17], are commonly considered potential precursors of colorectal
cancer [18]; similarly, pancreatic intraepithelial neoplasia 1A, which has also been pre-
viously regarded as mucinous metaplasia, is now well known to be the earliest stage
precursor of invasive pancreatic adenocarcinoma [19]. Likewise, some duodenal tumors,
particularly those with a gastric epithelial phenotype, were interestingly proven to arise
from DGM [20,21]. DGM is a condition characterized by the metaplastic replacement
of the normal duodenal enterocytes by mucinous PAS-positive cells, migrating from the
Brunner’s gland ducts and resembling the superficial gastric foveolar epithelium [22]. To be
accurate, DGM should be distinguished from duodenal gastric heterotopia (DGH), which
is instead characterized by the presence of both the gastric foveolar epithelium and the
oxyntic glands. Because of its fully organized structure, DGH has been interpreted as a
congenital lesion [23], while DGM is generally regarded as an acquired reactive process
caused by chronic inflammatory conditions [24]. The prevalence of DGM is, in fact, higher
in patients with HP infection, as it induces a high level of acid burden in the duodenum
by increasing gastrin secretion; moreover, the presence of DGM may create a suitable
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environment for HP colonization, which may exert a cytotoxic effect on mucosal cells and,
thus, to the development of further DGM [24,25]. In our study, none of the patients had
a concomitant HP infection. As concerned PPIs, five patients in our cohort with DGM
were taking PPIs, a fraction not different from the group without DGM, without therefore
suggesting a particular etiopathogenetic role of PPIs in the genesis of DGM-related dNEN.
However, even if this percentage was not different between the groups, it was surely of
relevance in both groups; therefore, one could also hypothesize that PPIs could have a role
in the development of duodenal NENs. Unfortunately, this study did not have the power
to investigate this topic.

Concerning the possible different characteristics or outcomes of the dNENs arising
in DGM, when comparing the two groups, with and without DGM, we observed that the
14 patients with DGM were younger, and most of the dNENs with GDM were located in the
superior part of the duodenum. The reason for this is unknown. It could be hypothesized
that there are some different etiopathogenetic factors in the genesis of dNEN originating
from the first duodenal portion (for example, the effect of hydrochloric acid or different
distributions of neuroendocrine cells types, i.e., somatostatin-, gastrin-, serotonin-producing
cells). Unfortunately, these are only speculative hypotheses, and this type of study cannot
answer this question. Moreover, interestingly, among the 14 patients with DGM, none
showed a metastatic disease (none at stage IV) or G3 neoplasms. This might suggest
that ANEN associated with DGM could be more similar to the gastric neuroendocrine
neoplasms, such as those arising from gastric metaplasia and, therefore, more indolent and
lower grade.

Genetic mutations have been also demonstrated to play a potential role in the devel-
opment of DGM; GNAS and KRAS mutations, for instance, which are generally frequently
present in benign/low-grade tumors of the digestive tract [18,26-28], were reported to be
prevalent in DGM lesions, suggesting that these genetic alterations induce the proliferation
of metaplastic epithelium [29]. Given these demonstrations and based on the association
observed in our study, one might speculate that the occurrence of DGM is an epiphe-
nomenon of genetic mutations and a chronic inflamed microenvironment [22] together
with the gastrin-mediated dysregulation of molecular pathways [4,25-27], promoting tu-
morigenesis, including dNEN formation [28], with possible implications for the endoscopic
follow-up of patients with DGM. In the presence of DGM at histology, in fact, it might be
possible to consider a closer endoscopic follow up in order to detect early the presence
of dNEN.

We acknowledge two main limitations of our study. First, the retrospective nature of
the study and the small sample of patients limit the strength of our conclusions; however,
dNEN is a rare disease; thus, large prospective cohort studies are difficult. Second, the
histological revision of the pathologic samples was not centralized. However, only patho-
logical examinations performed at referral centers for NENs were included in the study,
whereas patients with incomplete information were excluded from the analysis.

5. Conclusions

In summary, DGM was found in almost 13% of the entire cohort of 109 dNEN patients
surgically treated, thus representing a remarkable percentage. Given these data, one might
speculate that the presence of DGM could precede the development of dNEN; the common
finding of this lesion in the general population as well as the current lack of disease-specific
literature allow for the clinical relevance of this possible association to be clarified; however,
it should be kept in mind in the endoscopic follow up of patients with DGM that even the
lack of clear-cut evidence does not allow to suggest a specific timeline for endoscopic follow
up. Moreover, the DGM-related dNEN could have a different natural history compared
to the dNEN not related to DGM and, therefore, be susceptible to different treatments.
In conclusion, our observations highlight the need for further studies, ideally creating
international disease registries, to better understand the biology and natural history of
dNEN and, thus, to improve the management of this heterogeneous disease.
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Abstract: Background: In 2017, the World Health Organization (WHO) officially defined pancreatic
neuroendocrine neoplasms into well-differentiated tumors, namely G1/G2/G3 pancreatic neuroen-
docrine tumors, and poorly differentiated carcinomas referring to G3 pancreatic neuroendocrine
carcinomas (p-NECs). However, the surgical outcomes and prognostic factors of G3 p-NECs are
still unclear. Methods: We retrospectively collected and analyzed the data of eligible patients with
G3 p-NECs defined by the WHO 2017 grading classification. Results: We eventually identified
120 patients with G3 p-NECs, including 72 females and 48 males, with a median age of 53 y. The
3-year overall survival (OS) of G3 p-NECs by Kaplan—Meier method was 37.3%. The 3-year OS for
functional G3 p-NECs was 57.4%, which was statistically longer than 23.0% of non-functional ones
(p = 0.002). Patients with surgical resection presented a significantly better 3-year OS than those with
palliative operation (43.3% vs. 13.1%; p < 0.001). The 3-year OS for Stage I, Stage II, Stage III, and
Stage IV was 87.1%, 56.5%, 12.9%, and not applicable, respectively (p < 0.001). We demonstrated in a
Cox regression model that palliative operation (p = 0.013), vascular infiltration (p = 0.039), lymph
node involvement (p = 0.024), and distant metastasis (p = 0.016) were independent predictors of
poor outcome for patients with surgically treated G3 p-NECs. Conclusion: Our data in the present
analysis indicated that patients with G3 p-NECs could significantly benefit from surgical resection.
Meanwhile, vascular infiltration, lymph node involvement, and distant metastasis were independent
predictors of poor outcome for these patients.

Keywords: pancreatic neuroendocrine carcinomas; WHO; grading; resection; prognosis

1. Introduction

Pancreatic neuroendocrine neoplasms (p-NENSs), i.e., islet cell tumors, are a group of
highly heterogeneous tumors with significantly different clinical features [1-5]. P-NENs
comprise about 1% to 2% of all clinically detected pancreatic tumors, with an estimated
annual worldwide incidence of 0.25 to 0.5 in 100,000 individuals [1,4,6]. However, p-
NENSs have been increasingly diagnosed during the past several decades, probably due
to improvements in both clinicians” awareness of this disease and the ability to detect
localized and asymptomatic tumors by imaging modalities [1,6-8].

The first case of p-NENs was reported over 100 years ago [9], though we still find
it difficult to classify p-NENs into prognostic groups for survival analysis due to their
rarity and heterogeneity. In 2010, based on the well-known histological definitions of
p-NENSs in 2000 [10], the World Health Organization (WHO) classified p-NENSs into Grad-
ing 1 (G1) pancreatic neuroendocrine tumors (p-NETs), G2 p-NETs, and G3 pancreatic
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neuroendocrine carcinomas (“G3 p-NECs”) [11], which was first introduced by the Euro-
pean Neuroendocrine Tumor Society (ENETS) [12]. Furthermore, in 2017, WHO officially
separated p-NENSs into two different groups, including well-differentiated tumors, namely
G1/G2/G3 p-NETs, and poorly differentiated carcinomas referring to G3 p-NECs [13].
The WHO 2017 grading system for p-NENs aimed to improve the prediction of clinical
outcomes and to help clinicians to select better therapeutic strategies for patient care
and management [13]. Our previous research demonstrated that the WHO 2017 grading
classification has made an important improvement on the WHO 2010 grading criteria
because of its better ability to classify p-NENSs into prognostic groups [14]. Nevertheless,
the surgical outcomes and prognostic factors of the newly defined G3 p-NECs are still
unclear. Therefore, with the results of our previous study [14], we here attempted to
carry out an in-depth analysis of the clinical characteristics of G3 p-NECs. Moreover, we
emphasized demonstrating the prognostic predictors for the survival of G3 p-NECs.

2. Materials and Methods
2.1. Patients Enrollment

This was a retrospective study referring to patients with G3 p-NECs undergoing
surgical treatment between January 2002 and May 2020 in one of the largest medical
institutes in China. We enrolled patients who were surgically treated, either by resection
or biopsy, while those without any operation were excluded. With the agreement of
the principles of Helsinki Declaration [15], the written informed consent of the present
study was obtained on admission from all patients. Our research was approved by the
Institutional Review Board and Ethics Committee of our hospital, as it was a consecutive
analysis based on previous study results [14]. As before [14,16-18], the present analysis
was performed according to tumor site in pancreas, tumor size, histopathology, and type of
operation; demographic data included sex, age, and symptoms at presentation; treatment-
related factors included date and type of operation, surgical complications, length of stay
in hospital, and so on.

2.2. Tumor Features

In the present study, we defined G3 p-NECs as functional if patients presented symptoms
related to hormone overproduction, such as insulinoma, gastrinoma, glucagonoma, etc., and
nonfunctional if they did not. According to the documented definitions [10,14,19,20], poorly
differentiated tumors manifest nodular or solid architecture lack of organoid traits, usually
with high nucleocytoplasm ratio and multifocal or extensive tumor necrosis. In light of
the WHO 2017 grading classification for p-NENs, G3 p-NECs were defined as having
>20 mitoses per 10 high power fields (HPFs) or a Ki-67 proliferation index >20%, with
poorly differentiated small cell or large cell features [13] All cases were staged according to
the tumor-node-metastasis (TNM) system introduced by the American Joint Committee on
Cancer (AJCC) 8th staging manual [21]. For enrolled patients, all surgical specimens from
tumor tissues were re-stained with hematoxylin-eosin and immunohistochemical methods,
which were microscopically reviewed by experienced pathologists in our institution. The
histopathological features of all p-NECs were systematically documented in the prepared
tabulations, as we performed in the previous study [14].

2.3. Statistical Analyses

In the present study, we report quantitative variables as means with standard deviation
(SD) or medians and categorical variables as numbers with their frequencies as proportions
(%). Similar to our previous studies [14,16-18], we conducted the follow-up by telephone,
e-mail, mail, or outpatient clinic review between July 2019 and February 2021. Overall
survival (OS) was calculated either as the time in months between the date of surgery and
the date of death or last follow-up and presented as either median survival time (MST) or
OS with a hazard ratio (HR) and 95% confidence intervals (Cls). We applied the Kaplan—
Meier (K-M) method to generate the OS estimates and compared them by the log-rank test.
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Finally, we performed univariate and multivariate analysis in Cox regression proportional
hazards model to demonstrate the prognostic predictors for the outcome of G3 p-NECs.
Statistical analyses were performed using IBM SPSS 25.0 statistical software, which was
defined as significant if the p-value was less than 0.05.

3. Results
3.1. Baseline Demographics and Tumor Characteristics

As Table 1 presents, we identified 120 eligible patients with G3 p-NECs in this re-
search. Our study cohort was composed of 72 females and 48 males, with a mean age at
diagnosis of 50.2 + 13.3 y and a median of 53 y (ranging from 14 y to 86 y). Most patients
(84.2%) were diagnosed after the year of 2010 and most cases (79.2%) were solitary. The
mean tumor diameter was 6.8 £ 3.5 cm, with a median of 5 cm (ranging from 1.5 cm to
13.5 cm). There were 66 tumors detected in the body and tail of the pancreas, while 54
were in the head and uncinate. In light of patients’ clinical manifestations and the tumors’
functional status, 50 patients presented as functional, in which insulinomas accounted for
the majority (36 cases). As for 70 patients with nonfunctional G3 p-NECs, abdominal pain
and distension was the main clinical manifestation of 46 patients, while abdominal mass
and weight loss was that of 38 patients, with jaundice being that of 25 patients. Mean-
while, there were 37 patients with incidental diagnosis who might be detected by routine
physical examinations.

Abdominal US, CT, and MRI were, respectively, performed in 94, 68, and 72 patients,
whose positivity rate was 74.5%, 85.3%, and 83.3%. A total of 75 patients received post-
operative medical therapy, including 24 cases with molecular targeting treatment and
51 with traditional platinum-based chemotherapy. The median Ki-67 positive index and
mitotic rate of G3 p-NECs was respectively 62% (ranging from 23% to 90%) and 40 per
10 HPFs (ranging from 28 per 10 HPFs to 62 per 10 HPFs). For the functional group, the
Ki-67 positive index ranged from 23% to 75%, with a median of 46%, while that of the
nonfunctional ones ranged from 31% to 90%, with a median of 71%. In terms of the TNM
staging system, there were 25 patients presenting with vascular infiltration, 55 cases with
lymph node involvement, and 33 with distant metastasis, leading to a distribution of 22, 35,
30, and 33 patients, respectively, in Stage I, Stage II, Stage III, and Stage IV.

3.2. Surgical Treatment and Postoperative Complication

As Table 2 presents, surgical resection was successfully performed for 94 patients,
while a palliative operation was carried out for 26 patients. For patients with resections,
74 cases were of RO status with both grossly and microscopically negative surgical mar-
gin, while 20 patients showed either grossly or microscopically positive surgical margin
(i.e., R1/R2). Referring to the detailed surgical procedure, distal pancreatectomy (32.5%)
and pancreaticoduodenectomy (30.8%) were the two most common approaches, followed
by local resection of pancreatic tumor (referring to enucleation; 8.3%). A biopsy was per-
formed for all patients with palliative operation (21.7%) in order to acquire the enough
surgical specimens from tumor tissues to confirm the diagnosis of G3 p-NECs. The anes-
thesia grade from I to V by the American Society of Anesthesiologists was respectively
evaluated in 14, 34, 45, 27, and 0 patients. There were 36 patients who experienced perioper-
ative blood transfusion, with a mean volume of 420.5 4+ 118.8 mL and a median of 400 mL
(ranging from 100 mL to 1500 mL). The mean duration of operation was 202.4 + 82.5 min,
with a median of 180 min (ranging from 80 min to 510 min). A total of 42 patients had inten-
sive care unit (ICU) in-hospital stays postoperatively, with a mean duration of 4.2 £ 1.8 d
and a median of 3 d (ranging from 1 d to 10 d). The mean duration of postoperative and
total in-hospital stay was, respectively, 12.4 4 8.6 d and 21.2 + 14.4 d, with a separate
median of 9 d (ranging from 3 d to 36 d) and 11 d (ranging from 7 d to 52 d).
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Table 1. Clinical characteristics of G3 p-NECs in the present study (N = 120).

Patients
Factor
No. %
Patient sex
Female 72 60.0
Male 48 40.0
Patient age at diagnosis, y
Mean 50.2 £13.3
Median (Range) 53 (14-86)
Patient diagnostic period
Before 2010 19 15.8
After 2010 101 84.2
Tumor number
Solitary 95 79.2
Multiple 25 20.8
Tumor diameter, cm
Mean 6.8 £3.5
Median (Range) 5(1.5-13.5)
Tumor site
Head and uncinate 54 45.0
Body and tail 66 55.0
Tumor functional status
Functional tumors 50 41.7
Insulinoma 36 30.0
Others 14 11.7
Nonfunctional tumors 70 58.3
Abdominal pain and distension 46 383
Abdominal mass and weight loss 38 317
Jaundice 25 20.8
Incidental diagnosis 37 30.8
Preoperative imaging examinations
US positive (N = 94) 70 74.5
CT positive (N = 68) 58 85.3
MRI positive (N = 72) 60 83.3
Postoperative medical therapy 75 62.5
Molecular targeting treatment 24 20.0
Traditional platinum-based chemotherapy 51 42.5
Ki-67 index, (%)
Mean 55
Median (Range) 62 (23-90)
Mitotic rate, (per 10HPFs)
Mean 38
Median (Range) 40 (28-62)
Vascular infiltration 25 20.8
Lymph node involvement 55 45.8
Distant metastasis 33 27.5
Tumor TNM staging system
Stage I 22 18.3
Stage II 35 29.2
Stage 11T 30 25.0
Stage IV 33 27.5
Patient prognosis
Follow-up time, mons
Mean 488 £15.6
Median (Range) 56.8 (10.3-176.4)
Out of contact 20 16.7
Dead at follow-up 55 55.0
Estimated 3-year OS 37.30%
MST, mons. 30.6

Abbreviations: G: grading; p-NECs: pancreatic neuroendocrine carcinomas; US: ultrasound; CT; computed
tomography; MRI: magnetic resonance imaging; HPFs: high power fields; TNM: tumor-node-metastasis; OS:
overall survival; MST: median survival time.
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Table 2. Surgical treatment and postoperative complication of G3 p-NECs in the present study (N = 120).

Patients
Factor
No. %
Operation classification
Surgical resection 94 783
Palliative operation 26 21.7
Surgical margin (N = 94)
RO 74 78.7
R1/R2 20 213
Surgical procedure
Local resection of pancreatic tumor 10 8.3
Distal pancreatectomy 39 325
Pancreaticoduodenectomy 37 30.8
Biopsy 26 21.7
Others 8 6.7
Anesthesia grade by ASA
I 14 11.7
I 34 28.3
1T 45 37.5
v 27 225
\Y 0 0
Volume of per1operartr11\l/e blood transfusion, 36 300
Mean 420.5 +118.8
Median (Range) 400 (100-1500)
Duration of operation, min
Mean 202.4 £82.5
Median (Range) 180 (80-510)
Duration of ICU in-hospital stay, d 42 35.0
Mean 42+18
Median (Range) 3 (1-10)
Duration of postoperative in-hospital stay, d
Mean 124 £+ 8.6
Median (Range) 9 (3-36)
Duration of total in-hospital stay, d
Mean 212+ 144
Median (Range) 11 (7-52)
Total in-hospital cost, RMB
Mean 50,212.4 4+ 21,208.6
Median (Range) 56,450 (28,905-10,983)
Postoperative complication 30 25.0
Pancreatic fistula 21 17.5
Intra-abdominal infection 10 8.3
Pulmonary infection 9 7.5
Wound infection 5 42
Delayed gastric emptying 5 4.2
Intestinal obstruction 4 3.3
Intra-abdominal hemorrhage 3 2.5
Biliary fistula 2 1.7
Intestinal fistula 2 1.7
In-hospital death 1 0.8
Reoperation 5 42
Wound infection 2 17
Pancreatic fistula 1 0.8
Intra-abdominal hemorrhage 1 0.8
Intra-abdominal infection 1 0.8

Abbreviations: G: grading; p-NECs: pancreatic neuroendocrine carcinomas; R: radical; ASA: American Society of
Anesthesiologists; ICU: intensive care unit; RMB: renminbi.
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Of all the surgically treated patients with G3 p-NECs, 30 experienced postopera-
tive complications, with a morbidity of 25.0% (Table 2). Pancreatic fistulas occurred in
21 patients, which was the most common postoperative complication (17.5%), followed
by intra-abdominal infection (8.3%) and pulmonary infection (7.5%). Other complications,
such as wound infection (4.2%), delayed gastric emptying (4.2%), intestinal obstruction
(3.3%), intra-abdominal hemorrhage (2.5%), biliary fistula (1.7%), and intestinal fistula
(1.7%), were uncommon. There was 1 in-hospital death caused by intra-abdominal hem-
orrhage, with a mortality of 0.8%. A total of 5 patients experienced reoperation (4.2%),
including 2 cases for wound infection, 1 for pancreatic fistula, 1 for intra-abdominal hemor-
rhage, and 1 for intra-abdominal infection. All other postoperative complications could be
treated well through non-operational therapies, such as appropriate medical treatments
and unobstructed drainages.

3.3. Survival Estimates and Prognostic Analyses

The mean follow-up time of 100 patients was 48.8 £ 15.6 months, with a median
of 56.8 months (ranging from 10.3 months to 176.4 months), while 20 patients were out
of contact (16.7%). When the follow-up ended, there were 45 patients alive, whereas 55
were dead due to the progression of disease (55.0%). According to the K-M method, the
accumulative 3-year OS of the entire cohort was 37.3%, with a MST of 30.6 months (95% Cls:
24.8-36.3; Figure 1). The 3-year OS and MST of functional G3 p-NECs were respectively
57.4% and 42.3 months (95% Cls: 30.5-54.1), while those of nonfunctional ones were 23.0%
and 25.3 months (95% Cls: 20.8-29.7; p = 0.002; Figure 2). Patients with surgical resection
obtained a 3-year OS of 43.4% and a MST of 34.5 months (95% Cls: 29.7-39.2), which was
statistically better than that of patients with palliative operation (13.1%; 14.3 mons (95%
CIs: 11.9-16.7); p < 0.001; Figure 3). The OS at 3 years for patients in Stage I, Stage II, Stage
III, and Stage IV was, respectively, 87.1%, 56.5%, 12.9%, and not applicable, with a MST
of 55.4 months (95% Cls: 45.3-65.4), 41.2 months (95% Cls: 34.6-47.7), 26.8 months (95%
Cls: 23.6-29.9), and 14.8 months (95% CIs: 11.7-17.8). To be specific, survivals of patients
in Stage I or Stage II were statistically better than those in Stage III (p < 0.001, p = 0.008,
respectively) or Stage IV (p < 0.001, p < 0.001, respectively; Figure 4). Meanwhile, survival
differences when comparing Stage I with Stage II or Stage III with Stage IV were also
significant (p = 0.011, p = 0.001, respectively; Figure 4).
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Figure 1. Kaplan-Meier estimates for the OS of G3 p-NECs.
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Figure 3. Kaplan-Meier estimates for the OS of G3 p-NECs, according to the operation classification.

As Table 3 listed, sex, age, tumor site, incidental diagnosis, duration of operation,
duration of postoperative in-hospital stay, ICU in-hospital stay, perioperative blood trans-
fusion, and postoperative complication presented no notable differences in univariate
analyses (p > 0.05). According to the subsequent multivariate analyses, tumor type, tumor
diameter, anesthesia grade, surgical margin, and postoperative medical therapy were not
notably significant (p > 0.05), while operation classification (p = 0.013), vascular infiltration
(p = 0.039), lymph node involvement (p = 0.024), and distant metastasis (p = 0.016) were
independent predictors for the prognosis of G3 p-NECs.
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Figure 4. Kaplan-Meier estimates for the OS of G3 p-NECs, according to the AJCC 8th staging system.

Table 3. Univariate and multivariate analyses of factors influencing the prognosis of G3 p-NECs in

the present study (N = 120).

Factor

Univariate Analysis

Multivariate Analysis

HR (95% Cls) p

HR (95% CIs) p

Sex
Male &
Female
Age,y
<Median
>Median
Tumor site
Head and uncinate
Body and tail
Tumor type
Functional
Nonfunctional
Incidental diagnosis
No
Yes
Tumor diameter
<Median
>Median
Anesthesia grade
/1
n/1v/v
Operation classification
Resection
Palliative

0.894 (0.554-2.113) 0.625

1.541 (0.509-2.639) 0.091
1.083 (0.516-1.522) 0.493
1.725 (0.652-3.356) 0.031
1.003 (0.357-1.766) 0213
1.863 (0.387-2.263) 0.047
1.554 (0.446-2.731) 0.038

3.215(0.379-8.236)  <0.001

0.914 (0.673-1.487) 0.619

0.557 (0.267-1.013) 0.652
0.791 (0.381-1.451)

0.443

1.493 (0.513-4.343) 0.013
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Table 3. Cont.

Univariate Analysis Multivariate Analysis

HR (95% CIs) p HR (95% ClIs) P

Factor

Surgical margin
RO
R1/R2 1.813 (0.425-2.091) 0.012 1.113 (0.453-1.853) 0.092
Duration of operation
<Median
>Median 1.345 (0.521-2.892) 0.113
Duration of
postoperative
in-hospital stay
<Median
>Median 1.115 (0.371-1.983) 0.305
Perioperative blood
transfusion
No
Yes 1.563 (0.476-2.093) 0.235
ICU in-hospital stay
No
Yes 1.212 (0.674-1.814) 0.354
Postoperative
complication
No
Yes 1.315 (0.784-2.336) 0.549
Postoperative medical
therapy
TPC
MTT 1.925 (0.486-3.065) 0.037 1.094 (0.334-1.985) 0.184
Vascular infiltration
No
Yes 2.412 (0.731-6.126) <0.001 5.232 (1.263-11.225) 0.039
Lymph node
involvement
No
Yes 3.335 (0.982-8.426) 0.029 1.903 (0.329-5.013) 0.024
Distant metastasis
No
Yes 4.576 (0.775-12.435) <0.001 2.493 (0.416-13.436) 0.016
A: The above related factor was regarded as a reference in Cox analysis. Abbreviation: G: grading;

p-NECs: pancreatic neuroendocrine carcinomas; HR: hazard ratio; ClIs: confidence intervals; R: radical;
ICU: intensive care unit; TPC: traditional platinum-based chemotherapy; MTT: molecular targeting treatment.

4. Discussion

P-NENSs are a heterogeneous group of malignancies [1-3]. The grading classification
based on mitotic counts and Ki-67 proliferation index by WHO in 2010 [11] has reflected
great clinical value with widespread acceptance [22-25]. However, accumulated studies
have demonstrated that those “G3 p-NECs” by the WHO 2010 grading system were mor-
phologically and biologically heterogeneous, with different clinical-pathological features
and long-term survivals [26-30]. Therefore, as reviewed by Julie et al. in their report [20],
the heterogeneity of “G3 p-NECs” has promoted the emergence of the new WHO grading
classification in 2017 [13], whose clinical value has just been validated by our studying
team [14].

The present research was a consecutive analysis based on our previous report [14], be-
cause as a new sub-category of p-NENSs, the surgical outcomes and prognostic factors of G3
p-NECs have not been comprehensively analyzed before. As reported [20,27,31], the clinical
features of G3 p-NECs were very similar to typical pancreatic exocrine adenocarcinomas
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(p-EACs). Our analyses revealed that patient sex of G3 p-NECs had a slight female predom-
inance (60%) with a median age of 53 y and that G3 p-NECs more frequently involved the
body and tail of the pancreas (55%). These findings were basically in agreement with what
was reported in our previous study [14]. Meanwhile, nonfunctional tumors accounted for
most G3 p-NECs (70%), in which abdominal pain and distension, abdominal mass and
weight loss, and jaundice were the main clinical presentations (38.3%, 31.7%, and 20.8%
respectively), while incidental diagnosis was also obtained by physical examinations or
others from 30.8% patients. Sorbye et al. reported that obstructive jaundice or nonspecific
abdominal complaints might be the only signs or symptoms available to the suspicion of
G3 p-NECs [32]. We here revealed that functional G3 p-NECs obtained a notably better
survival than nonfunctional ones (57.4% vs. 23.0%; p = 0.002; Figure 2), probably due to
earlier diagnosis based on clinical symptoms. However, tumor type still could not be a
significant predictor for the prognosis of G3 p-NECs in the Cox regression model (p = 0.061;
Table 3), as we have demonstrated [17].

Most G3 p-NECs were very mitotically active and cases with >40 to 50 mitoses per
HPFs or Ki-67 proliferation index >50% were frequently observed [26-29]. Similarly, the
median Ki-67 index and mitotic rate of the entire group were respectively 62% and 40 per
10 HPFs. As for clinical stage of G3 p-NECs, we previously demonstrated that the AJCC
8th TNM staging system originally applied to p-EACs was applicable for G3 p-NECs due
to its better prognostic stratification and more accurate predicting ability [17]. According
to our present analyses, we also succeeded in classifying G3 p-NECs into 4 groups with
significantly different survivals by this staging system (p < 0.001; Figure 4).

G3 p-NECs could be treated by both surgical and medical therapy according to their
clinical features, especially tumor grade and clinical stage [3-5,26-29]. In our present
study, surgical resection was carried out for 94 patients with G3 p-NECs, in which distal
pancreatectomy and pancreaticoduodenectomy were the two main procedures (32.5% and
30.8%; respectively), while palliative operation with biopsy was performed for 21.7% cases.
As we proved in Table 3, operation classification was an independent predictor for the
prognosis of G3 p-NECs (p = 0.013), in which patients could significantly benefit from
surgical resection more than palliative operation (43.4% vs. 13.1%; p < 0.001; Figure 3).
Moreover, patients with R0 surgical margin showed longer survival compared with those
with R1/R2 margin (p = 0.012), while the surgical margin still failed to be proven as an
independent predictor in the multivariate analyses (p = 0.092). Interestingly, we here
had 10 cases of G3 p-NECs in which local resections of pancreatic tumor (referring to
enucleation) were performed. We currently agree that a more radical approach for G3
p-NECs would be considered standard (identically to p-EACs). However, G3 p-NECs in
this research were finally diagnosed by postoperative pathological examinations from the
surgical specimens, which meant we did not know the neuroendocrine phenotype of the
pancreatic lesion during operation. Moreover, enucleation of pancreatic tumor was carried
out mainly in the early years when the biological behaviors of G3 p-NECs were not clear. It
would be interesting to know the prognostic difference among distal pancreatic resection
and pancreaticoduodenectomy with local resection. However, the power of this analysis
would indeed be insufficient, due to the small number of cases with enucleation (only
10 cases).

When the diagnosis of either “G3 p-NECs” by WHO 2010 grading classification or the
present G3 p-NECs by WHO 2017 grading criteria was made by the postoperative patho-
logical examinations, adjuvant therapy was routinely indicated in our hospital. However,
drugs for the medical therapy varied over time, from the molecular targeted therapy at
the beginning, such as sunitinib, everolimus, and octreotide, to the platinum-based drugs
proposed by guidelines later [33], such as cisplatin and oxaliplatin. In the present study, we
identified 75 patients who received postoperative medical therapy. Due to the small number
of cases with each drug, we classified these patients into 24 cases with molecular targeting
treatment and 51 with platinum-based chemotherapy. We found that patients could benefit
from platinum-based chemotherapy, presenting a statistically longer survival than those
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with molecular targeting treatment (p = 0.037; Table 3), but postoperative medical therapy
could not be a significant predictor for the outcome of G3 p-NECs (p = 0.184; Table 3), as
we reported before [17].

Our study also had some limitations [14]. First, it was a retrospective study. Secondly,
the accumulative OS was estimated by K-M methods. Then, our analysis derived from
one single medical institution. Finally, we only enrolled patients who were surgically
treated, either by resection or biopsy, while those without any operation were excluded.
Therefore, a particular implication for G3 p-NECs, particularly those with metastatic disease
at presentation might be unsuitable for any operation, given that surgery would not be
considered as standard management for some patients. Moreover, surgery might not be
strongly recommended from this case series since the better outcomes could be mainly
related to lead time bias. With the above limitations, our present study still achieved
the expected goal and will be of great value in guiding the treatment and prognosis of
G3 p-NECs.

5. Conclusions

In sum, based on the studying results of our previous research, we carried out a
consecutive analysis on the surgical outcomes and prognostic factors of G3 p-NECs in
the present study. According to our demonstrations, G3 p-NECs could notably benefit
from surgical resection, while vascular infiltration, lymph node involvement, and distant
metastasis were independent predictors of poor prognosis for these patients.
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Abstract: Background: In 2017, the World Health Organization (WHO) defined a new category of
pancreatic neuroendocrine neoplasms named G3 pancreatic neuroendocrine tumors (p-NETs), whose
surgical outcomes, long-term survivals and staging systems have not been well documented. Meth-
ods: Data from eligible patients with G3 p-NETs defined using the WHO 2017 grading classification
at our institute were retrospectively analyzed. Results: Our study enrolled 80 patients with WHO
G3 p-NETs, including 50 women and 30 men. The accumulative 5-year overall survival (OS) of
G3 p-NETs was 29.7%. The current staging system by the American Joint Committee on Cancer
(AJCC) failed to discriminate the survival difference between Stage II and Stage III (p = 0.172), while
notable differences with regard to the OS were statistically offered between each stage using the
modified tumor-node-metastasis (mMTNM) staging system (all p < 0.05). The OS of patients receiving
surgical resection was significantly better than those with palliative operation (p < 0.05). Both the
current AJCC system and proposed mTNM system were independent predictors for the OS of G3
p-NETs (p = 0.017 and p = 0.032, respectively). The 95% confidence intervals of the proposed mTNM
staging system were smaller than that of the current AJCC system (0.626-8.217 and 0.329-10.013,
respectively), indicating a relatively more accurate predictive ability. Conclusion: Our demonstration
revealed that surgical resection was an independent predictor for the favorable prognosis of patients
with G3 p-NETs. Moreover, the new mTNM staging system was more suitable and practical than the
current AJCC system for stratifying G3 p-NETs into prognostic groups.

Keywords: pancreatic neuroendocrine tumors; G3; resection; stage; prognosis

1. Introduction

Pancreatic neuroendocrine neoplasms (p-NENSs) are a group of rare and highly het-
erogeneous tumors [1,2]. Although p-NENs were first reported in 1902 [3], the history
of classifying patients into prognostic groups has experienced a long and complicated
evolution, probably due to their rarity and heterogeneity [4].

In 2000, referring to some well-known clinic-pathological features, the World Health
Organization (WHO) firstly classified p-NENSs into well-differentiated endocrine tumor,
well-differentiated endocrine carcinoma and poorly-differentiated endocrine carcinoma [5].
In 2006, based on the mitotic rate per 10 high power fields (HPFs) and Ki-67 proliferative
index, the European Neuroendocrine Tumor Society (ENETS) specifically proposed a grad-
ing classification for p-NENSs, which mainly consist of G1/G2 pancreatic neuroendocrine
tumors (p-NETs) and G3 pancreatic neuroendocrine carcinomas (G3 p-NECs) [6]. Obtaining
widespread acceptance in clinical practice, this ENETS system for p-NENs was officially
adopted in 2010 by the WHO [7]. However, tumor differentiation based on morphology
was not considered in the ENETS 2006 or the WHO 2010 grading classification, in which
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morphologically well-differentiated p-NETs might have proliferative rates that met the
threshold for G3 NECs [8]. Several studies have reported that G3 NECs were also heteroge-
neous, which included a subgroup with clinical features close to G1/G2 p-NETs on the basis
of immunostaining and gene analysis results [9-13]. In 2017, referring to the features of
both morphological differentiation and grading upon proliferation rate, the WHO divided
p-NENs into G1/G2/G3 p-NETs and G3 p-NECs [14]. In this newly updated WHO 2017
grading system, G3 p-NETs were explicitly defined as high-grade neoplasms (Ki-67 > 20%)
with a well-differentiated morphology, which have not yet been well documented in terms
of their surgical outcomes, long-term survivals and staging systems.

In 2017, the 8th edition staging manual by the American Joint Committee on Cancer
(AJCC) first highlighted that G1/G2 p-NETs should be staged by the ENETS tumor-node-
metastasis (TNM) system primarily proposed for p-NENSs [6], while G3 p-NECs be staged
separately by the contemporary system originally applied to pancreatic exocrine adenocar-
cinomas (p-EACs) [15]. Although the AJCC 8th staging manual has made an important step
towards adopting uniform systems to stratify different grading p-NENS, it has lost sight of
the heterogeneous features of G3 p-NECs, as we mentioned above [9-13]. Our previous
studies identified two subgroups of G3 p-NECs with varied morphological differentiations,
staging features and long-term survivals [13,16]. Meanwhile, studies have demonstrated
that the current AJCC system for p-NETs failed to significantly distinguish survivals be-
tween Stage I and Stage II or between Stage II and Stage III [17-20]. Recently, Zhang
et al., introduced a modified tumor-node-metastasis (mTNM) system for p-NETs [21],
which adopted their previously proposed nodal classification for N definitions [22], but
retained the current AJCC T and M definitions (Supplementary Materials Table S1). This
new mTNM system was proven to be superior to the current AJCC system and was highly
appraised by specialists [23,24], for it offered statistically significant survival rates between
each stage for G1/G2 p-NETs. Nevertheless, whether this proposed mTNM staging system
is practical and prognostic for G3 p-NETs remained unknown.

In this research, we comprehensively assessed the clinical features, surgical outcomes,
long-term survivals and prognostic factors of G3 p-NETs. Moreover, we attempted to
validate and compare the clinical applications of this new mTNM staging system and the
current AJCC system to G3 p-NETs.

2. Methods

Our present study was a retrospective study with regard to patients with surgically-
treated and histopathologically confirmed G3 p-NETs from January 2002 to December 2020
in our hospital. Patients with a pathological diagnosis of G1/G2 p-NETs or G3 p-NECs
were excluded. This study was approved by the local Institutional Review Board and
Ethics Committee. In accordance with the principles of the Helsinki Declaration [25], the
written informed consent was acquired on admission from all patients. The data, such
as demographic baseline, clinical presentations, imaging examinations, surgical findings,
pathological results and perioperative outcomes were reviewed from the patients” medical
records and collected in the prepared tabulations, as in previous work [13,16,19,20].

The surgical specimens from the tumor tissues of eligible patients were re-stained with
hematoxylin—eosin and immunohistochemical methods and microscopically reviewed by
our experienced pancreatic pathologists according to the morphological feature, mitotic
count, Ki-67 positive proliferation index, and so on. Afterwards, G3 p-NETs were defined
in the light of the WHO 2017 grading classification [14]. Meanwhile, the newly proposed
mTNM staging system [21] and the current AJCC system [15] were respectively applied to
distribute patients into the corresponding groups.

Follow-up was mainly conducted by telephone, email, mail or outpatient clinic review
between July and December of 2021, as in previous work [13,16,19,20]. The overall survival
(OS) was calculated as the time in months between the date of operation and the date of
death or last follow-up, which was presented as either median survival time (MST) or 5-year
OS with a hazard ratio (HR) and 95% confidence intervals (Cls). Quantitative variables were
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reported as median with a range, while categorical variables were presented as numbers
with frequencies and proportions (%). Accumulated OS was estimated using Kaplan—Meier
(K-M) methods and compared using the log-rank test. Univariate and multivariate analyses
using the Cox regression proportional hazards model were performed to validate the
prognostic value of potential factors for the OS of G3 p-NETs. All statistical analyses were
carried out using IBM SPSS 28.0 statistical software. Differences with a two-sided p-value
less than 0.05 were considered statistically significant.

3. Results

As shown in Table 1, the present study finally identified 80 eligible patients with G3
p-NETs. Our research consisted of 50 females and 30 males, with a median age of 50 years
(ranging from 7 years to 74 years). There were 51 cases located in the body or tail of the
pancreas, with a median diameter of 4.5 cm (ranging from 1.8 cm to 8.5 cm). Most G3
p-NETs were solitary (88.8%), and non-functional ones accounted for the majority in the
tumor type (67.5%). There were 15 patients who were diagnosed as G3 p-NETs incidentally.
In terms of the immunohistochemistry, the median Ki-67 proliferation index of G3 p-NETs
was 28% (ranging from 21% to 60%), while the mitotic rate ranged from 20 per 10 HPFs
to 38 per 10 HPFs, with a median of 22 per 10 HPFs. All G3 p-NETs had the presence of
Chromogranin A (CgA) in the immunostaining. There were 12 cases of G3 p-NETs that
showed the presence of necrosis. The median number of harvested lymph nodes was 8,
ranging from 4 to 14.

Table 1. Clinical features of patients with G3 p-NETs in our study.

Patients (n = 80)

Factor No. %

Patients” gender, female 50 62.5

Patients” age at diagnosis, years 50 (7-74)

Tumor largest diameter, cm 4.5 (1.8-8.5)

Tumor location, pancreatic body/tail 51 63.8
Tumor number, solitary 71 88.8
Tumor type, non-functional 54 67.5
Incidental diagnosis 15 18.8

Ki-67 proliferation index, % 28 (21-60)

Mitotic rate, per 10 HPFs 22 (20-38)
Presence of CgA 80 100
Presence of necrosis 10 12.5

No. lymph nodes harvested (median) 8 (4-14)
T classification by both TNM systems 4
T1 12 15.0
T2 14 17.5
T3 32 40.0
T4 22 27.5
Nodal metastasis (n = 24)

1-3 regional lymph node metastases 15 18.8
>4 regional lymph node metastases 9 11.3
Distant metastasis 13 16.3
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Table 1. Cont.

Patients (n = 80)

Factor No. %
Current AJCC 8th staging system
Stage I 5 6.3
Stage II 35 43.8
Stage III 27 33.8
Stage IV 13 16.1
Proposed mTNM staging system
Stage I 9 11.3
Stage II 27 33.8
Stage III 31 38.8
Stage IV 13 16.1

Abbreviations: G: grading; p-NETs: pancreatic neuroendocrine tumors; HPFs: high power fields; CgA: Chro-
mogranin A; TNM: tumor-node-metastasis; AJCC: American Joint Committee on Cancer; mTNM: modified
tumor-node-metastasis. A: The definitions of T classification in the proposed mTNM staging system were the
same as those in the current AJCC 8th staging system.

According to the same definitions of T status by both staging systems, there were 12,
14, 32 and 22 patients classified from T1 to T4, respectively. Nodal metastasis was detected
in 24 patients, including 15 cases with 1-3 regional lymph node metastases and 9 with
>4 regional lymph node metastases, while distant metastasis was confirmed in 13 patients.
In light of the corresponding clinical stages by the current AJCC 8th system, there were
respectively 5, 35, 27 and 13 patients defined as Stage I, Stage II, Stage IIT and Stage IV. With
regard to the criteria of the proposed mTNM system, there were 9, 27, 31 and 13 patients
distributed from Stage I to Stage IV, respectively.

All patients were surgically treated (Table 2), of which 62 patients received surgical
resection, while 18 patients received palliative operation (such as cholangiojejunostomy,
gastrojejunostomy, etc.). For patients with a resection, 56 presented both grossly and
microscopically negative surgical margins. The main surgical procedures performed for G3
p-NETs were distal pancreatectomy (35.0%), pancreaticoduodenectomy (21.3%) and the
local resection of pancreatic tumor (13.8%), while radical resection for selected metastatic
disease was only carried out in six patients. As for the anesthesia grade by the American
Society of Anesthesiologists, there were respectively 9, 23, 30, 18 and 0 patients from
grade I to grade V. There were 24 patients who required perioperative blood transfusions
with a median volume of 300 mL, and 15 patients who needed an intensive care unit stay
with a median duration of 3 d. The median duration of operation, postoperative and
total in-hospital stay was respectively 150 min, 6 d and 9 d. Postoperative complications
occurred in 21 patients, with a morbidity of 26.3%, in which pancreatic fistula (12.5%),
intra-abdominal infection (8.8%), delayed gastric emptying (5.0%) and intra-abdominal
hemorrhage (2.5%) were the main ones. One patient underwent reoperation due to intra-
abdominal hemorrhage, while all other complications were treated conservatively. There
was no postoperative in-hospital death. Postoperative medical therapies were carried
out for 34 patients, including 14 with novel molecular targeting treatments and 20 with
traditional chemotherapies.
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Table 2. Surgical outcomes and follow-up data of patients with G3 p-NETs in our study.

Patients (1 = 80)

Factor No. %
Operation classification, surgical resection 62 775
Surgical margin (1 = 62), radical 4 56 90.3
Surgical procedures
Local resection of pancreatic tumor (enucleation included) 11 13.8
Distal pancreatectomy 28 35.0
Pancreaticoduodenectomy 17 21.3
Radical resection for metastatic disease 6 7.5
Palliative operation with biopsy B 18 225
Anesthesia grade by ASA
I 9 11.2
I 23 28.8
I 30 375
v 18 22.5
\% 0 0
Volume of perioperative blood transfusion (n = 24), mL 300 (100-1000)
Duration of operation, min. 150 (40-340)
Duration of ICU in-hospital stay (n = 15), d. 3(1-9)
Duration of postoperative in-hospital stay, d. 6 (3-15)
Duration of total in-hospital stay, d. 9 (6-20)
Postoperative complications (1 = 21)
Pancreatic fistula 10 125
Intra-abdominal infection 7 8.8
Delayed gastric emptying 4 5.0
Intra-abdominal hemorrhage 2 2.5
Reoperation 1 1.3
In-hospital death 0 0
Postoperative medical therapy (1 = 34)
Novel molecular targeting treatment 14 17.5
Traditional chemotherapy 20 25
Patient prognosis
Follow-up time, mon 58.3 (9.7-182.6)
Out of contact 10 12.5
Dead at follow-up (1 = 70) 39 55.7
Accumulative 5-year OS 29.7%
MST, months 49.2 (95% Cls: 41.8-56.5)

Abbreviations: G: grading; p-NETs: pancreatic neuroendocrine tumors; ASA: American Society of Anesthesiolo-
. . . i G, . . . f . A. . . .
gists; ICU: intensive care unit; OS: overall survival; MST: median survival time. #: Referring to resections with
negative surgical margins, both grossly and microscopically. B: Referring to cholangiojejunostomy, gastrojejunos-
tomy, etc. with simultaneous biopsy when the local lesion was unresectable or distant metastasis was detected

during the intraoperative exploration.

As Table 2 listed, the median follow-up time of our study was 58.3 months (ranging
from 9.7 months to 182.6 months ). When the follow-up ended, 10 patients were out of
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contact (12.5%). There were 39 deaths related to the disease progression (55.7%). The
accumulative 5-year OS of G3 p-NETs was 29.7% (Figure 1), with an MST of 49.2 months
(95% CIs: 41.8 months-56.5 months ). The accumulated 5-year OS from current AJCC Stage
I to Stage IV was 100.0%, 31.3%, 17.1% and not applicable (NA), respectively (Figure 2).
Patients classified using the current AJCC Stage I had better survival than those in Stage II
(p =0.003), Stage III (p = 0.006) and Stage IV (p < 0.001), as well as when comparing Stage II
with Stage IV (p < 0.001) or comparing Stage III with Stage IV (p < 0.001). However, the
survival comparison between the current AJCC Stage II and Stage III was not significant
(p =0.172). The 5-year OS for the proposed mTNM Stage I, Stage II, Stage III and Stage IV
was respectively 100%, 39.1%, 15.6% and NA (Figure 3). Patients defined as mTNM Stage I
had better survival than those at Stage III (p = 0.005) and Stage IV (p < 0.001), as well as
those at Stage II compared with Stage III (p = 0.016) and Stage IV (p < 0.001). Meanwhile,
the comparisons of OS between Stage I and Stage II or between Stage III and Stage IV were
both statistically significant (p = 0.004 and p < 0.001, respectively).

Accumulative Survival Rate

1.0
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Figure 1. Kaplan-Meier estimates for the OS of the entire group of G3 p-NETs defined by the WHO
2017 grading classification.

As listed in Table 3, patients’ gender (p = 0.236) and age (p = 0.121), tumor location
(p = 0.415), incidental diagnosis (p = 0.478), mitotic rate (p = 0.125), harvested lymph nodes
(p = 0.512), postoperative complications (p = 0.517), duration of operation (p = 0.343) and
postoperative in-hospital stay (p = 0.952) were demonstrated to have no notable impacts on
the OS of G3 p-NETs, while the survival analyses referring to tumor type (p = 0.012), tumor
diameter (p = 0.016), Ki-67 index (p = 0.035), necrosis (p = 0.027), operation classification
(p < 0.001), postoperative medical therapy (p = 0.042), current AJCC 8th staging system
(p < 0.001) and proposed mTNM staging system (p < 0.001) were statistically significant in
univariate analyses. Using multivariate analyses in different Cox regression models, we
concluded that only operation classification (p = 0.031 and p = 0.027, respectively), current
AJCC 8th staging system (p = 0.017) and proposed mTNM staging system (p = 0.032) were
independent predictors for the OS of G3 p-NETs. Meanwhile, the 95% CIs of the proposed
mTNM staging system (0.626-8.217) were smaller than those of the current AJCC 8th
staging system (0.329-10.013), indicating a relatively more accurate predictive ability.
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Figure 2. Kaplan—-Meier estimates for the OS of G3 p-NETs according to the current AJCC 8th edition
staging system originally proposed for G1/G2 p-NETs.
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Figure 3. Kaplan-Meier estimates for the OS of G3 p-NETs, according to the newly proposed mTNM
staging system primarily designed for G1/G2 p-NETs.
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Table 3. Univariate and multivariate analyses of prognostic factors for predicting the OS of G3
p-NETs in our study.

Factor

Univariate Analysis

HR (95% CIs) r

Multivariate Analysis

HR (95% CIs) p

Patients’ gender
Male #

Female
Patients” age
<508

>50

Tumor location
Head /uncinate
Body/tail
Tumor type
Functional
Non-functionall

Incidental diagnosis
No

Yes

Tumor diameter
<4.5

>45

Ki-67 index
<28
>28

Mitotic rate
<22

>22
Necrosis
Absent
Present

Harvested lymph nodes
<8

>8

Operation classification
Resection

Palliative

Duration of operation
<150
>150

1.244 (0.864-1.653) 0.236

0.931 (0.512-1.349) 0.121

1.012 (0.626-1.431) 0.415

0.512¢
0.214°

1.425 (0.712-2.324) 0.012 1.034 (0.523-1.517)

1.213 (0.671-1.642)

0.973 (0.5157-1.436) 0.478

1.479 (0.762-2.962) 0.016 0.783 (0.361-1.452) 0.257

0.981 (0.382-1.901) 0.538

2.069 (0.982-4.123) 0.035 1.253 (0.564-2.122) 0.873

0.902 (0.468-2.093) 0.435

1.214 (0.614-1.892) 0.125

3.024 (1.243-7.146) 0.027 1.441 (0.684-2.679) 0.137

0.993 (0.414-1.983) 0.561
1.001 (0.425-1.458) 0.512
2.221 (1.329-4.186)

<0.001 1.523 (0.723-3.215) 0.031

1.734 (0.757-3.953) 0.027

1.275 (0.546-2.325) 0.343

Duration of postoperative in-hospital stay

<6

>6

Postoperative complications
No

Yes

Postoperative medical therapy
No

Yes

Current AJCC 8th staging system ®
Stage I/1L
Stage III/IV

Proposed mTNM staging system ©
Stage I/11
Stage III/IV

1.241 (0.547-1.874) 0.952
0.893 (0.434-2.082) 0.517

2.145 (0.783-3855) 0.042 1.314 (0.424-2.325) 0.518

1.211 (0.384-1.924) 0.892

3.124 (1.322-5.478) <0.001 5.363 (0.329-10.013) 0.017
NA

3.954 (0.996-8.326) <0.001

3.213 (0.626-8.217) 0.032

A: This related factor was regarded as a reference in the Cox analysis. B: The value of “median” for quantitative
variables was regarded as the cut-off in the Cox analysis. ©: The upper results of the multivariate analysis
for each factor were demonstrated in Cox hazard models with the current AJCC 8th staging system. : The
bellow results of the multivariate analysis for each factor were demonstrated in Cox hazard models with the
proposed mTNM staging system. E: The potential prognostic value of two different systems was demonstrated in
separate Cox hazard models. Abbreviations: OS: overall survival; G: grading; p-NETs: pancreatic neuroendocrine
tumors; AJCC: American Joint Committee on Cancer; mTNM: modified tumor-node-metastasis; HR: hazard ratio;
ClIs: confidence interval; NA: not applicable.

4. Discussion

As we knew, G1/G2 p-NETs were regarded as well-differentiated, while G3 p-NECs
were poorly-differentiated according to the grading classification by ENETS and the
WHO [5,6]. However, subsequent studies revealed that, although all poorly-differentiated
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neuroendocrine carcinomas had a high proliferation rate, not all p-NENs with a prolif-
eration rate above 20% were poorly-differentiated, indicating the heterogeneity of G3
p-NECs [8-12]. Referring to both the tumor morphology and Ki-67 index, the WHO incor-
porated a new subcategory of “well-differentiated high-grade tumors (i.e., G3 p-NETs)” into
the well-differentiated p-NETs category in its 2017 Classification of the Tumors of Endocrine
Organs [14], which was proven to be superior to the WHO 2010 criteria [20]. Nevertheless,
the clinical features of G3 p-NETs have not yet been well documented.

In the present research, we made an in-depth analysis with regard to the surgical
outcomes, prognostic factors and staging systems of G3 p-NETs. We revealed that the
baseline demographics and tumor characteristics of G3 p-NETs, such as patients” gender
and age, tumor location and type, were in agreement with our previous results [16,20]. As
we demonstrated in Table 3, patients with non-functional G3 p-NETs showed significantly
worse survivals than those with functional tumors (p = 0.012), while the other factors
had no obvious influence on the OS of G3 p-NETs. However, tumor type could not be a
significant prognostic factor for the OS of G3 p-NETs (p = 0.512 and p = 0.214, respectively),
as we previously demonstrated [16]. Moreover, while the CgA was expressed in all G3
p-NETs in the immunohistochemical examinations, we failed to test the plasma CgA
values in the present study due to our limited technologies. Massironi et al., reported that
plasma CgA had a significant prognostic relevance for patients with gastroenteropancreatic
neuroendocrine neoplasms [26], while the prognostic value of plasma CgA for patients
with G3 p-NETs still needed to be validated in future studies.

Accumulated studies reported that p-NENSs at the lower end of the G3 range might, in
fact, be well-differentiated with elevated Ki-67 proliferative rates and better survivals [8,9],
which intrinsically prompted the formation of the WHO’s 2017 grading classification [14].
However, the role of the Ki-67 index for the new group of G3 p-NETs remains unknown
due to the currently limited data in the literature. In 2018, Mizuno et al. [27] identified
10 patients with G3 p-NETs, with a median Ki-67 index of 35% (ranging from 20% to 90%),
although the impact of Ki-67 on the survival of G3 p-NETs was not evaluated. Recently, de
Mestier et al. [28] reported 74 patients with digestive well-differentiated G3 neuroendocrine
tumors (including 53 cases located in pancreas/duodenum), with a median Ki-67 index
of 30% (ranging from 21% to 80%). Meanwhile, de Mestier et al. [28] demonstrated that
the Ki-67 index was not a significant predictor for the progression-free survival of these
patients. In our study, the median Ki-67 index of this cohort was 28%, which was very close
to the above reported data [27,28], as well as our previous results [16]. According to our
validation, the Ki-67 index did indeed influence the prognosis of G3 p-NETs (p = 0.035),
but failed to be a significant prognostic factor for the patients” OS estimate (p = 0.873 and
p = 0.435, respectively).

As reported [29,30], the molecular features and prognosis of G3 p-NETs largely differ
from those of G3 p-NECs and are much closer to those of G2 p-NETs, while the most
appropriate management for G3 p-NETs is currently undefined. Several studies suggested
that G3 p-NETs should be treated as G2 p-NETs with respect to both surgical programs and
systemic therapies [31-33]. Feng et al. [32] reported that the median survival was higher in
patients undergoing surgery, while non-surgical management was a poor prognostic factor
associated with reduced disease-specific survival in patients with G3 p-NETs. Yoshida
et al. [33] revealed that surgical procedures for G3 p-NETs and G3 p-NECs should be consid-
ered separately, and that patients with G3 p-NETs could significantly benefit from surgical
resection for both primary pancreatic tumors and selected metastatic disease. Meanwhile,
the MST in Yoshida et al.’s research was lower than that in our report (33 months and
49.2 months, respectively), which could be explained by differences in the inclusive criteria
in each cohort. What is more, we demonstrated that surgical resection was an independent
and favorable predictor for the survival of G3 p-NETs (p = 0.031 and p = 0.027, respectively),
which was consistent with the reports by Yoshida et al. [33]. Unfortunately, only six selected
patients with metastatic disease in our study received radical resection accompanied by
pancreatic surgery, making it difficult to evaluate its impact on patients’ survival.
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Surgery is the optimal and curative treatment for p-NENSs, while drug therapy is also
very important and effective in terms of systemic treatment [1,4]. Studies have proposed
that molecular targeted drugs such as sunitinib and everolimus be recommended for pa-
tients with G1/G2 p-NETs, while platinum-based chemotherapies are the first-line drugs
for all p-NENSs except G1/G2 p-NETs [34]. However, there have been no standardized and
well-recognized medical therapeutic schedules for G3 p-NETs. Mizuno et al. [27] reported
that sunitinib was as effective for G3 p-NETs as for G1/G2 p-NETs, which could signifi-
cantly improve both progression-free survival and OS by reducing the tumors” volume.
Moreover, de Mestier et al. [28] revealed that adenocarcinoma-like and alkylating-based
chemotherapies were the most effective treatments for advanced G3 neuroendocrine tu-
mors regarding objective response and progression-free survival, while etoposide—platinum
chemotherapy had poor efficacy in that setting. Our study enrolled 20 patients with post-
operatively traditional chemotherapies and 14 patients with novel molecular targeting
treatments. The changes of drug therapy for G3 p-NETs might be the result of the varied
recognitions for this new subcategory of p-NENs. We demonstrated that postoperative
medical therapy had notable impacts on the OS of G3 p-NETs (p = 0.042), although it
could not be an independent predictor (p = 0.518 and p = 0.892, respectively). However,
we failed to compare the impacts of traditional chemotherapies and molecular targeting
treatments on the OS of G3 p-NETs due to their different drug schemes in the limited cases
of this study.

The current AJCC 8th staging manual for p-NENSs elucidates stratifying G1/G2 p-NETs
and G3 p-NECs into different stages separately, while the most practical and appropriate
staging system for G3 p-NETs remains unclear [15]. Although we previously demonstrated
that G3 p-NETs might also be staged using the same AJCC system as the current one for
G1/G2 p-NETs [16], this system has so far failed to distinguish prognosis among patients
with Stage I vs. Stage II disease or Stage II vs. Stage III disease [17-20]. Recently, a new
mTNM staging system on the basis of the current AJCC system was proposed and assessed
for G1/G2 p-NETs [21], which was highly appraised [23,24], but not yet validated for
G3 p-NETs. We hereby succeeded in defining G3 p-NETs into four stages using both the
current AJCC staging system and the proposed mTNM approach. Furthermore, the current
AJCC system failed to discriminate the survival difference between Stage II and Stage
III (p = 0.172; Figure 2), as You et al., demonstrated [18], while notable differences with
regard to the OS of G3 p-NETs were statistically offered between each mTNM stage (all
p < 0.05; Figure 3). Meanwhile, although both systems were prognostic for predicting the
OS of G3 p-NETs (p = 0.032 and p = 0.017, respectively), the 95% Cls of the mTNM staging
system were smaller than that of the current AJCC system (0.626-8.217 and 0.329-10.013,
respectively), indicating a potentially more accurate predictive ability. Our results of the
comparisons between the applications of the mTNM system and the current AJCC approach
to G3 p-NETs were similar to the validations of Zhang’s study for G1/G2 p-NETs [21],
suggesting that the newly proposed mTNM staging system was more suitable and practical
for G3 p-NETs.

Our study had several limitations. First of all, it was a retrospective study from a single
medical institution, leading to a small number of enrolled patients with a long follow-up
time. Secondly, our study excluded those patients without surgery, which meant that
comparisons could not be made between the clinical features and survival differences of
patients with surgical treatments and non-surgical therapies. In addition, as we mentioned
above, our study failed to compare the prognosis between the resection of primary tumors
and metastatic diseases, as well as between traditional chemotherapies and molecular
targeting treatments, due to our limited cases. Finally, the mTNM staging system for
G1/G2 p-NETs was originally designed by Zhang et al. [21], while our study for G3 p-NETs
was supplementary research for the indications of this new proposed system. Therefore, a
multi-center, large-volume and prospective study is still needed to confirm our results.
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5. Conclusions

According to our in-depth analyses, tumor type, Ki-67 index, necrosis and postopera-
tive medical therapy had certain impacts on the survival of patients with G3 p-NETs, while
surgical resection was an independent and favorable predictor for patients” OS estimate.
Meanwhile, the newly proposed mTNM staging system was superior to the current AJCC
system due to its better prognostic stratification and more accurate predicting ability for
the OS of patients with G3 p-NETs, supporting its wider clinical use.
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Abstract: Neuroendocrine tumors are a heterogeneous group of neoplasms originating from the
diffuse endocrine system. Depending on primary location and hormonal status, they range in terms
of clinical presentation, prognosis and treatment. Functional tumors often develop symptoms indi-
cating an excess of hormones produced by the neoplasm (exempli gratia insulinoma, glucagonoma
and VIPoma) and can be diagnosed using monoanalytes. For non-functional tumors (inactive or
producing insignificant amounts of hormones), universal biomarkers have not been established.
The matter remains an important unmet need in the field of neuroendocrine tumors. Substances
researched over the years, such as chromogranin A and neuron-specific enolase, lack the desired
sensitivity and specificity. In recent years, the potential use of Circulating Tumor Cells or multiana-
lytes such as a circulating microRNA and NETest have been widely discussed. They offer superior
diagnostic parameters in comparison to traditional biomarkers and depict disease status in a more
comprehensive way. Despite a lot of promise, no international standards have yet been developed
regarding their routine use and clinical application. In this literature review, we describe the analytes
used over the years and cover novel biomarkers that could find a use in the future. We discuss their
pros and cons while showcasing recent advances in the field of neuroendocrine tumor biomarkers.

biomarkers;

Keywords: neuroendocrine tumors; chromogranin A; neuroendocrinology;

neuroendocrine neoplasms; microRNA; NETest; 5-HIAA

1. Introduction

Neuroendocrine tumors (NETs) are a diverse group of neoplasms. They are made
from diffuse neuroendocrine system cells, which are present throughout the human body.
The prevalence of neuroendocrine tumors ranges between 2.5 and 8.35 cases per 10,000,
with incidence rates rising in recent years [1-3]. NETs fulfill the rare disease criteria
according to the Orphan Drug Act (a condition affecting less than 200,000 people in the
United States). Neuroendocrine Tumors, along with a second subunit, Neuroendocrine
Carcinomas (NECs), are a part of a group named Neuroendocrine Neoplasms (NENs), as
per WHO nomenclature [4]. Despite a similar origin from neuroendocrine tissue, both
of them have their own distinct morphological features and genomic signatures. NETs
can be both low- and high-grade, whereas NEC are high-grade by definition. In order to
distinguish NETs from NECs, pathologists utilize tissue biomarkers of neuroendocrine
lineage such as synaptophysin, chromogranin A and somatostatin receptors, some of which
can also be used as circulating biomarkers [5]. Due to significant differences between both
groups in terms of clinical presentation, applicable biomarkers and the natural course of the
disease, this review focuses mainly on NETs. Depending on their embryonic origin (from
which part of the primary gut tube the tumor originates from), NETs can be divided into
three groups: foregut, midgut and hindgut, each with their own distinct characteristics [6].
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The primary location of the tumor, and which part of the primary gut tube the neoplasm
stems from, affects the application and clinical utility of different biomarkers. For instance,
5-hydroxyindoleacetic acid (5-HIAA) shows a higher sensitivity in midgut NENs than in
pancreatic NENs, whereas the expression of chromogranin A (CgA) is lower in hindgut
tumors, compared to midgut and foregut [7]. Biomarkers aside, embryonic origin directly
affects the diagnostic and treatment procedures, as patients diagnosed with foregut NENs
should undergo screening for MEN-1 syndrome [8]. Table 1 presents examples of primary
tumor locations falling into each category.

Table 1. Examples of neuroendocrine tumors’ primary locations of different embryonic origin.

Foregut Midgut Hindgut
Thymus Jejunum Distal 1/3 of transverse colon
Esophagus Appendix Descending colon
Bronchus Tleum Sigmoid colon
Lung Ascending colon Rectum
Stomach Proximal 2/3 of transverse colon
Pancreas
Duodenum

NETs can be divided based on their ability to release hormones (functional tumors)
or not (non-functional tumors). Neoplasms producing clinically insignificant amounts
of hormones also fall into the latter bracket. In the case of functional tumors, hormones
released into the circulation allow for utilizing them as biomarkers, as shown on Table 2.

Table 2. Functional pancreatic NET and corresponding specific biomarkers.

Incidence (New/100,000/Year)

Type of Tumor Secreted Hormone 0]
Insulinoma Insulin 1-32
Gastrinoma Gastrin 0.5-21.5

VIPoma Vasoactive Intestinal Peptide 0.05-0.2

Glucagonoma Glucagon 0.01-0.1

Somatostatinoma Somatostatin Rare <0.1
GRHoma GH-releasing hormone Rare
Ghrelinoma Ghrelin Unknown (.>100 cases
described)
ACTHoma ACTH Rare
Pancreatic NET causing .
Carcinoid Syndrome Serotonin Rare (<100 cases)
Pancreatic NET causing PTHrP (Parathyroid

Rare

hypercalcemia Hormone-related Peptide)

Additionally, excess concentration of a given hormone is linked with symptoms spe-
cific to the disease. For example, insulinoma, an insulin-producing tumor most commonly
found in the pancreas, typically presents with hypoglycemic episodes [10]. These char-
acteristics allow for a relatively quick and accurate diagnosis, however, there are certain
limitations. Functional tumors constitute a minority of all NENs (10-40%), with some of
them being extremely rare (<100 cases described worldwide) [8]. Clinical manifestations
may change over the course of the disease and there are a number of factors that cause
similar symptoms or test results (for instance, exogenous insulin intake or Hirata’s disease
mimic insulinoma). Hormonal testing should be guided by the presence of symptoms
in an individual; screening for the disease in patients with asymptomatic disease isn’t
required [11]. On the contrary, non-functional tumors lack a specific biomarker or the
spectrum of symptoms that would allow for a quick diagnosis. The patient might not spot
any manifestations of the disease until the lesion starts infiltrating nearby tissue or the

54



J. Clin. Med. 2022, 11, 5542

metastases start impairing the function of distant organs. In fact, 12-22% of patients present
at the metastatic stage, despite the slow growth of neuroendocrine tumors [3].

Over the years, researchers and physicians tried to find molecules that could help
diagnose neuroendocrine tumors early, improving patient prognosis. Due to the hetero-
geneous nature of neuroendocrine tumors, the search for a one-for-all analyte has so far
been unsuccessful. This article aims to review circulating biomarkers used in daily clinical
practice over the years, as well as to discuss the latest findings regarding the potential
future biomarkers.

2. Materials and Methods

Upon forming the topic of the review, a thorough literature search was conducted.
Initially, the guidelines of selected endocrinological societies were analyzed (Polish Soci-
ety of Endocrinology, Polish Network of Neuroendocrine Tumors, European Society for
Medical Oncology, European Neuroendocrine Tumor Society, North American Neuroen-
docrine Tumor Society). Afterwards, the PubMed database was searched using general

i s

terms: “neuroendocrine tumors”, “neuroendocrine neoplasms”, “neuroendocrine tumor
biomarkers”, “neuroendocrine neoplasms biomarkers”, “NET biomarkers”, “NEN biomark-
ers” and “neuroendocrine biomarkers”. A second detailed search was conducted after
a review of the initial results, focusing on the substances that showed the most merit in
the guidelines and analyzed papers. Terms screened for included: “chromogranin A”,
“chromogranin B”, “granins”, “5-hydroxyindoleacetic acid”, “5-HIAA”, “neuron-specific
enolase”, “NSE”, “NETest”, “microRNA”, “Circulating tumor cells” and “CTC”, as well
as variations of the searches above combining the terms with the words “biomarkers”,
“NET” and “neuroendocrine”. The alternate spelling of certain words was accounted for
(tumor/tumour, neurospecific/neuro-specific/neuron-specific). Based on the results of the
searches mentioned above, a manuscript was drafted. When citing original research, the
number of patients involved and methodology was taken into account. In certain topics
(namely CTC and miRNA), the number of published original papers remains low because
of their novel status and recent discoveries, presenting a limitation of the review. After the
verification of search results, titles and abstracts, a thorough analysis of 265 selected papers
was conducted. The reference lists of selected papers were also analyzed and 25 additional
relevant articles were found. In total, 163 papers were chosen for the review. Included in
the total number were 6 additional articles suggested by the reviewers after the first round
of peer-review and 7 abstracts from the 19th Annual ENETS conference.

3. Discussion
3.1. Granins

In 1967, Blaschko et al. described the soluble proteins found in bovine secretory
granules, which they named chromogranins [12]. Some notable members of that group,
discovered in later years, include chromogranins A (CgA) and B (CgB, also called se-
cretogranin I), and secretogranins II (which used to be called chromogranin C), III and
IV [13]. Since their discovery, numerous articles have been published describing their
role in neuroendocrine secretion [14-17]. Elevated bodily fluid concentrations of different
granins (most notably CgA) among patients with hormonally active neoplasms have been
some of the most important observations established in that research and with far-reaching
clinical implications. Subsequently, their role as a potential biomarker of hormonally active
neoplasms (e.g., NETs, pheochromocytoma, medullary thyroid cancer and pituitary gland
tumors) has been analyzed [18-20].

3.1.1. Chromogranin A

Ever since its discovery over 50 years ago, chromogranin A, a hydrophilic glycoprotein
made up of 439 amino acids, remains the most widely used NET biomarker in clinical
practice [21]. It is present in most neuroendocrine cells, as well as in neuroendocrine tumor
cells, most notably midgut and pancreatic neoplasms [22]. It has been a staple in NET
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diagnostics over the years, as noted by the guidelines from numerous scientific societies:
European Neuroendocrine Tumor Society (ENETS) [23], North American Neuroendocrine
Tumor Society (NANETS) [24], Polish Network of Neuroendocrine Tumours [8]. CgA
concentration correlates with tumor burden; the highest values are observed in metastatic
NETs [24]. Depending on the type of the tumor and location, sensitivity and specificity
range between 68-81% and 56-100%, respectively [25-27]. Similarly to 5-HIAA, its sen-
sitivity and specificity differs depending on the location; midgut tumors express CgA
most often, foregut and hindgut less so [7]. Nobels et al. demonstrated that an elevated
CgA is a valuable marker in patients with gastrinomas, pheochromocytomas, carcinoid
tumors and non-functioning pancreatic NETs. Elevated CgA levels were found in 100%,
89%, 80% and 69%, respectively [28]. A high sensitivity of CgA in gastrinoma makes it
useful for a post-treatment follow-up [29]. Additionally, CgA showcases a greater utility
in monitoring the progression of the disease and treatment response than as a diagnostic
biomarker, as revealed by a 2018 meta-analysis on the subject, and increased values of CgA
can predate radiological progression or tumor recurrence [30-32]. Recent meta-analysis of
bronchopulmonary Neuroendocrine Neoplasms (bpNEN) showed sensitivity of as little
as 35%, with 94% specificity [33,34]. Moreover, CgA concentration correlates with tumor
burden; the highest values are observed in metastatic NETs [24], in which the specificity
of 100% and sensitivity between 78 and 80% have been reported [25]. The 2015 ENETS
guidelines noted the lack of systematic empirical evidence for use of CgA in bpNEN [35].
In the wake of recent research, current guidelines state that treatment decisions should not
be based solely on CgA results [11].

Despite relatively good sensitivity and specificity in certain tumors, CgA has some
flaws. There are no standards available regarding testing and there are significant differ-
ences between the available assays (CgA can be measured in plasma and serum, using
ELISA, IRMA and RIA methods). It is therefore recommended to use the same test (prefer-
ably in the same laboratory), when comparing results [8,36]. It is noteworthy that several
factors might influence CgA concentration. Most common conditions include atrophic
gastritis, Helicobacter pylori infection, kidney failure, liver cirrhosis, inflammatory bowel
diseases, and other non-neuroendocrine neoplasms [37,38]. Additionally, certain medi-
cations may cause false-positive results by increasing gastrin secretion, namely proton
pump inhibitors and H2-receptor antagonists [39-41]. In order to adequately evaluate CgA
level, it is advised to withdraw potentially interfering medication at least 2 weeks before
the testing [42,43].

3.1.2. Chromogranin B and Pancreastatin

Other granins such as CgB have also been researched as potential biomarkers, however
their testing availability and, therefore, their clinical usefulness is limited [8]. Pancreastatin—a
product of enzymatic cleavage of CgA—has shown to retain similar sensitivity and speci-
ficity to CgA, while being unaffected by PPI treatment [44,45]. Elevated concentrations
of pancreastatin correlate with a shorter progression-free survival (PFS) and the overall
survival (OS) of patients with pancreatic and small bowel NETs, which makes it a po-
tential prognostic biomarker [46]. It seems to be especially useful in metastatic disease
and recent data suggests that it compares better to CgA in detecting the progression of
midgut NETs [47,48].

3.2. 5-Hydroxyindoleacetic Acid

5-hydroxyindoleacetic acid (5-HIAA), a serotonin metabolite, has been one of the
longest used biomarkers in neuroendocrine tumors, since 1956 [49]. Serotonin is produced
by enterochromaffin cells, most commonly located in the small intestine. It serves a
purpose in regulating gastrointestinal tract motility [50]. Elevated levels of serotonin can be
observed in neuroendocrine tumors, most commonly of midgut origin. Serotonin-secreting
neuroendocrine tumors manifest as carcinoid syndrome. Originally, the term carcinoid was
invented by Oberndorfer in 1907 and has been used to describe all NETs [51]. Currently
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use of the term “carcinoid” is discouraged, due to the confusing terminology applied to
it over the years. Serotonin is produced by 70% of all neuroendocrine tumors, with the
percentage of serotonin positive gastric and pulmonary NETs reaching as low as 10-35%.
Monitoring serotonin itself is challenging, due to fluctuations in its secretion over time
as well as differences between individuals, therefore its metabolites, such as 5-HIAA, are
preferred [52]. 5-HIAA can be measured both in serum and urine, although the latter
is more broadly used. Urine samples need to be collected over a 24 h period, protected
from light and added with an acidic compound to ensure stability [53]. The sensitivity
of 5-HIAA in diagnosis and monitoring is quite low, around 35%, and strongly depends
on serotonin secretion [54]. 5-HIAA urine concentration has shown a positive correlation
with the severity of carcinoid syndrome [55]. Higher values are also observed in patients
with metastatic midgut NETs, compared to non-metastatic patients, notably with liver
metastases. Moreover, 5-HIAA could be a marker of a biochemical response to somatostatin
analog treatment and may be useful in the early detection of recurrence post-surgery [21].
Despite a specificity of up to 100% in some trials [25], there are several factors limiting
5-HIAA use in daily clinical practice. Tryptophan-rich food, such as peanuts, bananas,
chocolate, coffee and tea, as well as certain medication (e.g., diazepam and phenobarbital),
might lead to false-positive results, therefore patients undergoing tests need to adhere to
dietary restrictions [56]. In addition, 24 h urine collection is impractical, when compared
to liquid biopsy due to a prolonged testing period and the requirement of additional
equipment and preparation. The clinical usefulness of 5-HIAA is restricted to serotonin-
producing tumors (i.e., manifesting as carcinoid syndrome), which applies to just a fraction
of neoplasms.

3.3. Pancreatic Polypeptide, Neuropeptide Y and Peptide YY

Another circulating biomarker, described in literature as secreted by an NEN, is pan-
creatic polypeptide (PP). It belongs to the same group of peptides as Peptide YY (PYY)
and neuropeptide Y (NPY). PP is a 36-amino-acid molecule involved in the regulation
of the digestive tract function and food metabolism (i.e., increasing hepatic insulin sen-
sitivity) [57]. Used on its own, PP has a low sensitivity of 41-63% for pNET and 18-53%
for gastrointestinal NET [58]. Higher levels are associated with pancreatic tumors and
metastatic disease. When used together with CgA, the test can detect NEN with a sensitivity
of 84-96% [59]. Peptide YY is very similar to PP, with 18 of its 36 amino acids located in
the same positions. PYY cells were found in gastrointestinal NEN tissue, most commonly
in rectal NEN, where its presence has been associated with a worse prognosis [60,61].
The data on its use as a circulating biomarker are lacking. Another 36-amino-acid-long
peptide is Neuropeptide Y. The elevated plasma levels of NPY have mostly been the focus
of research in pheochromocytomas, neuroblastomas and gangliomas [62,63]. In one study
by Allen et al., elevated levels of NPY were present in 6 out of 22 gastrointestinal NETs [64].
Whereas PP has some potential applications as a circulating NET biomarker, the utility of
PYY and NPY is limited.

3.4. Neuron-Specific Enolase

In 1965, Moore and McGregor discovered a protein currently known as neuron-specific
enolase (NSE) [65]. NSE is a glycolytic enzyme present in neurons and neuroendocrine
cells in the central and peripheral nervous system. Elevated concentrations of NSE in
body fluids can be found not only in septic shock and post-traumatic states, but also in
conditions associated with cell proliferation, such as neoplasms [66,67]. The latter property
was hoped to be useful in detecting NETs, however, research shows that NSE is elevated
in just 19% of GINET and 54% of G2NET cases. Therefore, it seems to be unreliable as a
single diagnostic biomarker for well-differentiated tumors, however it can be of added
value to CgA in G2NET cases [8,68]. NSE concentrations are significantly higher in NECs
with a sensitivity of 63% in large cell neuroendocrine carcinoma (LCNEC) and 62% in small
cell neuroendocrine carcinoma (SCNEC) [68]. Moreover, NSE may be useful as a predictor
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of long-term survival in NEN cases and, thanks to its dependence on cell turnover, it is
associated with malignant forms with a higher grading [69].

3.5. NETest

In 2007, a National Cancer Institute summit meeting on NETs was held. It was
deemed that the currently available biomarkers have severe limitations and it is crucial
to develop universal biomarkers for early diagnosis [70]. It has been widely discussed
that molecular methods might describe an entity as dynamic and diverse as an NET in
a much more adequate way than a single substance [71]. Therefore, in the last couple
of years, researchers started moving towards complex multianalyte assays that utilize
statistical algorithms.

An NETest is an example of one such method. It is based on evaluating a tumor’s gene
expression, i.e., its “biological signature”. After performing a liquid biopsy and isolating the
mRNA (messenger RNA), the cDNA (complementary DNA) is synthesized. Subsequently,
PCR and gene analysis is performed, and the results are subjected to machine-learning
algorithms. The resulting score is given on a scale from 0 to 100% (the normal score cut-off
is 20%) [72].

The NETest has shown excellent diagnostic parameters in multiple trials, with both
sensitivity and specificity exceeding 90% [73-76]. In the multicenter study published in
2021, Modlin et al. analyzed two cohorts of patients over 5 years. The first group focused on
the NETest evaluation and was made up of 1684 NETs compared with 731 controls, whereas
the second group was comparing an NETest with CgA and comprised 922 NETs versus
348 controls. In the described setting, the NETest identified 98% pheochromocytomas, 94%
siNET, 91%panNET, 88%bpNET, 80% gastric NET and 79% NETs of the appendix. The
NETest was more effective in diagnosing and monitoring NETs than CgA [77]. In a different
trial, an NETest was able to detect progression 1 year before imaging methods [78]. Unlike
CgA, factors such as PPI treatment and gastritis have no bearing on the results [79].

Overall, the NETest fits the criteria of an optimal biomarker thanks to its outstand-
ing diagnostic properties, prognostic and predictive value that outperforms traditional
analytes [80-83]. Among largely promising results, the NETest too has some potential
downsides. Its cost-effectiveness is relatively unknown, and the question remains whether
it can be widely introduced. On top of that, there are very few laboratories that are able to
perform NETest analysis (i.e., Wren Laboratories in the USA and Sarah Cannon Molecular
Diagnostics in Great Britain) [83].

3.6. microRNA

microRNAs (miRNA) are a group of small (22 nucleotides in length on average), non-
coding RNA molecules that promote or suppress posttranscriptional gene expression [84].
Despite being discovered in 1993, their clinical applications only started gaining traction in
the last few years [85]. miRNAs can be identified both in solid tissue as well as in body
fluids (inter alia plasma, serum, saliva, CSF and urine). They can be secreted in autocrine,
paracrine and endocrine ways (although the exact mechanisms are unknown) [86]. Such
properties allow for an identification using a liquid biopsy and potentially making them
useful as disease biomarkers [87]. Altered miRNA levels in body fluids are associated
with numerous diseases (cardiovascular, gastrointestinal, renal, psychiatric, neoplasms
etc.) [88-90]. In cancer, miRNAs can promote metastases, regulate angiogenesis and cell
metabolism, as well as influence immune evasion and the response to certain treatment
methods [87]. It is clear that miRNA dysregulation plays a crucial role in carcinogenesis
and understanding the processes behind it might improve diagnosis and the treatment of
oncological patients in the future [91].

miRNA have been extensively researched in most common neoplasms, e.g., ovarian
cancer, lung cancer and colorectal cancer [92-94]. In comparison, little is known about cir-
culating miRNA in NETs. The altered expression of over 100 miRNAs have been described
in NETs [95]. So far, no universal target molecule for NETs has been identified, possibly
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due to the diverse nature of neuroendocrine neoplasms and the fact that many miRNAs
are tissue-specific [96]. Moreover, different molecules seem to be expressed in blood and
tumor tissue, although some can be detected in both compartments [97]. Malczewska et al.
summarized in their systematic review that in panNETs, miR-1290 is absent in tumor
tissue, while miR-21 and MiR-133a seem to be present in both. In siNET, miR-7-5p, miR-31,
miR-96, miR-133a, miR-182, miR-183, miR-196a and miR-215 can be traced in both blood
and tumor tissue, while circulating miRNAs include additionally miR-21, miR-22, miR-150,
miR-200a, miR-21, miR-133a and miR-144. Only miR-21 and miR-133a have been described
as circulating miRNAs in both locations (the former also presents in lungs) [98].

Li et al. analyzed over 700 circulating miRNAs aiming to differentiate pancreatic
cancer from NETs and benign pancreatic conditions. In that setting, the expression of
miR-1290 was higher in the pancreatic cancer group vs. the NET group (81% sensitivity
and 69% specificity), although no comparison has been made between NETs and other con-
ditions. Several other miR showed statistically significant results (miR-628-3p, miR-550 and
miR-1825), however, their diagnostic parameters were of lower value than miR-1290 [99].
Additionally, miR-375-3p distinguishes a low-grade lung NET from non-neuroendocrine
lung tumors showing over 90% sensitivity and specificity [100]. miR-375 and miR-133a
have been discussed as a biomarker of patient survival due to the down-regulation in
tumor metastases of siNET, however, both as tumor tissue biomarkers) [101,102]. miR-375
seems to be particularly interesting, as it has been localized in enteroendocrine cells and
has been described as an endocrine system modulator and marker of neuroendocrine
differentiation [103,104]. miR-29b is a member of the miR-29 family, which has been re-
searched as a biomarker for several cancers, including lung and ovary [105]. Ozdirik et al.
described a correlation between miR-29b and CgA levels, though no relation to OS has
been shown [106]. Recently, the overexpression of 13 selected circulating miRNAs has been
described in NENs and medullar, in comparison to healthy subjects. It was the first study
in which a set of circulating miRNAs was identified that could represent a tumor signature
for NEN diagnostics [107].

An expert consensus suggests that circulating miRNAs will be of use as a NET
biomarker. However, as with most multianalytes, due to their complex nature, any poten-
tial tests will have to be based on mathematical algorithms in order to make them clinically
viable [49]. A recent study by Nanayakkara et al. described a machine-learning algorithm
utilizing a panel of 17 miRNAs that determines 15 NEN types with 98% accuracy. With
further research, more refined algorithms will become available [96]. Another problem
limiting potential clinical applications has been the unknown influence of treatment on
miRNA expression. Somatostatin analogs change the patterns of circulating miRNA; the
exact mechanisms of that process are poorly understood [108,109].

3.7. Circulating Tumor Cells

In neoplasms, as the tumor grows, certain cells split away from the lesion and enter
circulation. These circulating tumor cells (CTC), if certain conditions are met, can settle
down in a new location and form metastases [110]. The phenomenon has been described
in the 19th century already by Thomas Ashworth, however, it took over 100 years until
researchers began to understand the process behind it [111]. The first trials that focused on
the isolation and identification of these cells were conducted in the late 20th century, and in
2004 CellSearch was approved by the United States Food and Drug Administration (FDA)
as the first device for CTC analysis (at the time for use in breast cancer) [112]. Since then,
multiple technologies were developed for detection in peripheral blood, utilizing CTC’s
distinct physical properties, immunoaffinity or direct analysis with fiber-optic arrays [113].

In NETs, CTC were detected for the first time in 2011. In a study published by
Khan et al., 21% of panNETs and 43% of midgut NETs had detectable CTC. It is important
to note however, that all subjects had metastatic disease at the time of the analysis [114]. In
the 2013 follow-up study, 49% of patients in the group of 176 had at least one detectable
CTC and the association between the presence of CTC and shorter PFS and OS has been
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described [115]. Additionally, in 2016, research of 138 metastatic NET patients (primary sites
included bronchopulmonary pancreas, midgut, hindgut and unknown primary location)
was published. A low CTC count and CTC decrease post treatment had a favorable
prognosis over a high CTC count, which correlated with a shorter OS [116]. Similar
observations have been published in 2019 by Hsieh et al. in the study of Asian NET
patients [117]. An effect of CTC presence on the effectiveness of somatostatin analog (SSA)
treatment has been evaluated in the CALM-NET trial; patients with no detectable CTC
might be more likely to respond positively to the treatment [118].

Despite promising results, studies mentioned above have certain limitations. The
patients included have been diagnosed with NETs of different primary locations (foregut,
midgut and hindgut tumors), therefore their biological features might differ. Moreover,
different treatment methods (SSA included) might have affected the CTC expression and,
therefore, the results [119]. The biomarker issue aside, recent findings suggest that a
qualitative and quantitative assessment of CTC may be equally important. Mutations
present in CTC reflect the genomic aberrations found in tumor tissue, making liquid biopsy
a useful option in cases where standard biopsy might not be possible or for tracking
changes in a tumor’s genomic landscape. Monitoring these changes can also be useful in
establishing mechanisms of resistance to certain forms of treatment [120].

NETs are generally indolent tumors; about a fifth of the patients present with metas-
tases at diagnosis [121]. In mouse models of aggressive tumors, such as breast or pancreatic
cancer, CTC have been detected even at the early stage of the disease [122]. However, the
question remains whether the same can be applied to NETs given CTC’s limited sensitivity
in tumors with more metastatic potential. What is more, CTC’s potential uses as prog-
nostic or predictive biomarkers require further research. With the lack of a large cohort,
multicenter studies remain an important unmet need.

3.8. Circulating Tumor DNA and Cell-Free DNA

Circulating tumor DNA (ctDNA) and cell-free DNA (cfDNA) are a novel tool that
can be used to describe NETs molecular features. Whereas ctDNA are fragments of DNA
derived from a tumor and found in the circulation, cfDNA are a broader term and also
include fragments of nucleic acid that do not originate in a tumor. The main source
of circulating tumor DNA seems to be the apoptosis, although the exact mechanism of
releasing ctDNA into the body fluids remains unclear [123]. The principle behind this test
is the identification of circulating DNA and its molecular rearrangements, which may affect
treatment choices [124].

The presence of ctDNA was first reported in 1948 by Mandel and Metais, who detected
cell-free nucleic acids in the blood of cancer patients [125]. Since then, ctDNA has been
widely studied as an alternative for tissue biopsies in malignancies, however, the data
about its use in NETs remains scarce. A relative lack of known, unique to NEN, neoplasm-
promoting mutations presents a significant limitation for the use of ctDNA [126,127].

Some of the upsides of circulating nucleic acid analysis include the simplicity of
obtaining the material and minimally invasive monitoring of the tumor during therapy
by liquid biopsy. The risk of false negative results seems to be the main limitation of this
method, due to variable amounts of DNA that tumors may release into circulation [124,128].

It has been reported that the presence of ctDNA in body fluids is linked to the local-
ization of the primary tumor and metastatic lesions [129-132]. Oversoe et al. described
elevated levels of cfDNA in panNET and siNET patients compared to healthy controls [133].
Tumors with liver metastases and a high proliferative index and necrosis, features which
are often characteristic of NEC, are associated with a high ctDNA concentration [131].
Boons et al., described a correlation between the presence of ctDNA and a higher grad-
ing [132]. On the contrary to NECs, NETs (which are generally slow growing tumors)
have a lower cell loss index and ctDNA release and can often be ctDNA negative [130].
Quantitative analysis of ctDNA may also be useful to assess tumor volume and in an
early diagnosis of relapse after surgery and as a predictive factor of response to treat-
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ment [134-137]. OS and PFS appear to be significantly worse in ctDNA-positive than in
ctDNA-negative patients [130].

Another important aspect of cfDNA analysis is the possibility of methylation pat-
tern analysis. Abnormal distribution of DNA methylation has been described in early
carcinogenesis and may be helpful in the detection, monitoring and treatment response
prediction [138]. A number of studies have been performed describing in NET tumor tissue
methylation patterns compared to healthy controls [139-142]. Mettler et al. analyzed the
cfDNA characteristics of 63 NEN patients in comparison with healthy controls. A higher
cfDNA concentration and hypomethylation patterns have been found in advanced NEN
and their association with tumor burden and a worse prognosis has been described [143].

Although the sensitivity of ctDNA may be lower than the currently used analytes,
it is a highly specific biomarker, which can be especially useful in rare diseases [130,144].
Moreover, in the qualitative analysis of ctDNA, both copy number alterations and point
mutations in DNA is clinically relevant, namely for screening patients who are eligible for
targeted therapies. However, the application of ctDNA in NETs requires further study [145].

3.9. Other Potential Biomarkers and 19th Annual Enets Conference Abstracts

Some other areas of interest in the field of NET biomarkers have been described in
recent years that are not covered in detail by this review, e.g., long non-coding RNA and
tumor-infiltrating platelets. However, the data on these remains scarce [146,147]. In a recent
report, Hinterleitner et al. described elevated levels of platelet-expressed synaptophysin
(pSyn) in NEN compared to healthy donors. A high expression of pSyn was shown to
correlate with a shorter PFS, higher tumor stages, the presence of metastases and a higher
tumor proliferation rate [148].

The 19th Annual ENETS Conference took place in March 2022. Some of the research
presented during the conference focused on NEN biomarker development. La Salvia et al.
presented an analysis of extra-pancreatic NETs metabolomics profile, some of which can
be used as independent prognostic biomarkers. Some of the findings have already been
published in a peer-reviewed journal [149,150]. Another interesting finding has been
the analysis of Copy Number Alterations (CNAs) in ¢cfDNA. The method utilizes whole-
genome sequencing of cfDNA (its ctDNA fraction, precisely) in material acquired by liquid
biopsy. CNAs found in analyzed material showed a sensitivity and specificity for NENs of
62% and 86%, respectively [151]. Garcia Alvarez et al. analyzed the plasma of panNETs
and giNETs prior to the start of Lenvatinib. High levels of angiopoietin 2 (Ang2) and low
levels of fibroblast growth factor 2 (FGF-2) resulted in a better response to treatment, which
may point to them being useful as predictive biomarkers [152]. One study focused on
ctDNA in NEN and its clinical utility for monitoring. The lack of identifiable ctDNA in
patients with stable disease has been described, which may help in selecting a group of
patients with no need for intensive monitoring [153]. Serum Activin A has been researched
as an alternative to NT-proBNP in CHD patients, however, its diagnostic parameters for
the detection of CHD have been subpar [154]. Schalin-Jantti et al. presented an analysis of
clinical factors (CF) and novel plasma proteins (NPP) in G1 and G2 SI-NET patients using
data mining and machine learning methods. The study focused on establishing a multi
biomarker strategy for NET. The combination of CF and NPP allowed for the identification
of stable and progressive disease subgroups [155]. This research is yet another example of
how useful machine learning might be in advancing patient care. Finally, a study focusing
on an NETest have been presented by van Treijen et al. showing its function in predicting
treatment response and individualizing treatment decision [156]. The latter conclusion is
especially important as the individualization of therapy has been a major talking point
during the 19th Annual ENETS Conference.

4. Conclusions

Over the years, multiple NET biomarkers have been researched, developed and
used. From simple substances secreted by the tumor to complex mathematical algorithms,
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there is a wide range of biomarkers to choose from. Despite this, there is still an unmet
need for the development of widely available and accurate NET biomarkers. Experts
specializing in NETs agree that the currently used analytes have several limitations and that
multianalyte panels based on the genetic signature of the tumor should be the course of
future research [49]. Describing different aspects of a disease as complex and heterogeneous
as NET based on a single substance is insufficient. In comparison, utilizing mathematical
algorithms allows for a more comprehensive depiction of the state of the disease (thanks
to the numerous variables that are included, instead of just a single one) [157]. In a
recent study, Kidd et al. described the potential expansion of the NETest, improving its
statistical parameters even further [158]. This is yet another advantage of machine learning
algorithms; With new discoveries, they can be tweaked for even more accurate analysis. A
question often raised is the cost effectiveness of the new biomarkers [159]. Measuring a
single substance is markedly less expensive than molecular tests, however, a more efficient
biomarker will allow for a decreased spending on imaging and treatment [80].

As shown by this review, there is still room for improvement in the field of NET
biomarkers. A number of analytes, such as miRNA, CTC and NETest have shown promising
results, however, their use in daily clinical practice is currently limited by either their low
availability or lack of standardization.

Out of the potential biomarkers mentioned above, the NETest offers superior diagnos-
tic parameters compared to traditional analytes and has been shown to detect progression
and disease recurrence quicker than imaging methods. It is also useful in the assessment of
the response to radioisotope treatment and radicality of surgical intervention. As stated in
the recently published guidelines of the Polish Network of Neuroendocrine Tumours, the
use of an NETest in everyday clinical practice will enable the optimal inclusion of the test
in the management algorithms in the Polish population of patients with NEN [8].

However, with the NETest limited availability, there is still place for traditional ana-
lytes. In accordance with the updated guidelines of the Polish Network of Neuroendocrine
Tumours, we advise utilizing CgA for monitoring during treatment and as a prognostic
biomarker in colorectal NEN [8,160]. In small intestine and pancreatic NEN, measuring
CgA has a utility before introducing treatment and for monitoring. Additionally, in pa-
tients diagnosed with small intestine NEN, bronchopulmonary NEN or when suspecting
carcinoid syndrome, it is recommended to measure 5-HIAA in urine (at least two samples,
collected over 24 h period each) [8,161,162]. Though not a NET biomarker sensu stricto,
the N-terminal prohormone of brain natriuretic peptide (NT-proBNP) should be measured
for the diagnosis and monitoring of carcinoid heart disease in carcinoid syndrome pa-
tients [163]. In patients presenting with symptoms characteristic of functional NETs, we
recommend measuring the hormones linked with the suspected syndrome (as shown on
Table 2). As discussed earlier in this review, medical decisions shouldn’t be taken solely on
the basis of change in biomarker concentration, due to their several limitations.

To summarize, despite the recent advances in the field of NET biomarkers, novel
analytes have not yet been introduced into wider use. Some of them (such as an NETest)
show a lot of promise and with a wider availability, they offer a significant improvement
over traditional analytes. Until they become a routine tool in NET diagnostics, biomarkers
such as CgA and 5-HIAA can still be a helpful option in select cases.
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Abstract: Pheochromocytomas and paragangliomas (PPGLs) associated with negative catecholamines
are not uncommon. However, few studies have examined clinical features of patients with these
tumors. In the absence of available data, it is difficult to identify characteristics of patients with
potential PPGLs and normal serum and urine screens. Therefore, an analysis of patients with
PPGLs was conducted retrospectively to compare the clinical features of patients with positive and
negative catecholamines. This study included 214 patients, including 69 patients with negative
catecholamines. Prevalence rates of diabetes (p < 0.001) and hypertension (p < 0.001) were lower
and tumor diameter (p < 0.001) was smaller in the negative-catecholamine group compared with
the positive-catecholamine group. Multivariable logistic regression analysis showed that extra-
adrenal PPGLs were independently positively associated with negative catecholamines (p = 0.004);
hypertension (p = 0.001) and tumor diameter (p = 0.016) were independently negatively associated
with negative catecholamines. There was no significant difference in tumor recurrence between the
two groups (mean follow-up, 20.54 &= 11.83 months) (p = 0.44). The results demonstrated that PPGL
patients with negative catecholamines were more likely to have extra-adrenal tumors and less likely
to have comorbidities, and these patients should also be closely monitored for tumor recurrence.

Keywords: pheochromocytomas; paragangliomas; catecholamine

1. Introduction

Pheochromocytomas and paragangliomas (PPGLs) are rare neuroendocrine tumors.
Pheochromocytomas (PHEOs) originate from chromaffin cells of the adrenal cortex, and
paragangliomas (PGLs) originate from extra-adrenal chromaffin cells of the sympathetic
paravertebral ganglia located in the thorax, abdomen, pelvis, and from parasympathetic
ganglia located along the glossopharyngeal and vagal nerves in the neck and at the base
of the skull [1]. The combined incidence is approximately 0.57 cases per 100,000 person-
years [2]. Symptoms such as headache, palpitations, and sweating are caused by cate-
cholamines produced by these tumors [3]. PPGLs should be diagnosed and treated as soon
as possible because incorrectly treated PPGLs can cause life-threatening complications [4].
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As PPGLs secrete catecholamines, the diagnostic biochemical tests for these tumors
involve the detection of these hormones. According to current clinical practice guide-
lines, measurements of plasma or urinary catecholamines should be performed during
biochemical screening for PPGLs, and there is no recommendation regarding which test
should be preferred [1]. Even though these tests are with high sensitivity, for example, the
sensitivity of plasma free metanephrines to diagnose PPGLs has been reported as between
96 and 99% [5], there are indeed many patients with PPGLs who do not exhibit elevated
catecholamines. It may pose a problem for clinicians who mistakenly believe they have
ruled out PPGLs. However, there is little information in the current literature concerning
the clinical features of catecholamine-negative PPGLs, with the majority being case studies
of single patients [6-8]. Therefore, the objective of this study was to compare clinical
characteristics of PPGL patients with positive and negative catecholamine levels to provide
more information for clinicians to better understand this clinical population.

2. Materials and Methods

All consecutive adult patients with PPGLs who underwent surgical resection and had
their diagnosis confirmed by pathological examinations from January 2018 to June 2020 in
the Peking Union Medical College Hospital were retrospectively enrolled. The electronic
medical files of patients were reviewed. Clinical history data, preoperative biochemical
examination results, and tumor diameters and locations were obtained from the electronic
medical record. A total of 313 patients were eligible for study inclusion; we then excluded
58 patients with no catecholamine information, 25 patients who presented to our hospital
due to recurrence or metastasis of PPGLs after treatment in other hospitals, and 16 patients
with incomplete clinical data. In total, 214 were included for analysis.

Patients were grouped according to catecholamine concentration measurements. Neg-
ative catecholamine was defined as when 24 h urinary catecholamine (epinephrine and
norepinephrine), plasma metanephrine, and plasma normetanephrine concentrations did
not exceed their respective reference limits. Positive catecholamine was defined as an
abnormal elevation of the 24 h urinary catecholamine (epinephrine and norepinephrine),
plasma metanephrine, or plasma normetanephrine. The diagnosis of hypertension and
diabetes was made on based on patient history and preoperative blood pressure and
blood glucose measurements, respectively. The patterns of hypertension in patients with
PPGLs comprised sustained, paroxysmal, and mixed patterns [3]. Recurrence was de-
fined as local relapse detected on computed tomography, magnetic resonance imaging,
or functional imaging. Metastatic PPGL was defined as the recurrence at sites without
chromaffin tissue [9]. All recorded laboratory indicators were the results of the patients
before surgery. Measurements of plasma normetanephrine, plasma metanephrine, and
24 h urinary catecholamines were by mass spectrometry. Plasma metanephrine and plasma
normetanephrine were measured after the patients maintained a supine position for at
least 30 min [1]. Factors that affect catecholamine levels, such as caffeine, tricyclic antide-
pressants, phenoxybenzamine, sympathomimetics, and monoamine oxidase inhibitors,
were discontinued at least 24 h before blood samples were obtained [1,10,11]. The tumor
diameters were determined on the basis of the pathological specimens. Most PHEOs were
resected with minimally invasive adrenalectomy; however, open resection was performed
for large tumors (>6 cm). Most PGLs were resected with open surgery; however, laparo-
scopic resection was performed for small tumors in surgically favorable locations [1]. All
patients with hormonally functional PPGLs underwent preoperative blockade, and the
x-adrenergic receptor blockers were the first choice. The -adrenergic receptor blockers
were indicated only after administration of a-adrenergic receptor blockers [1]. If patients
with negative catecholamines had positive functional imaging findings, they also under-
went preoperative preparation as described above. If these patients were with negative
functional imaging results, a decision about whether to use preoperative preparation was
made by multidisciplinary teamwork [12].
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The study was approved by the ethics committee of Peking Union Medical College
Hospital and was conducted in accordance with the Declaration of Helsinki. The in-formed
consent requirement was waived because all data were anonymized.

Statistical methods

Histograms and normal quantile-quantile plots were used to assess normality. Con-
tinuous data were reported as the mean =+ standard or median (25th, 75th percentiles),
and they were compared between the groups by Student’s t-test or the rank-sum test.
Categorical variables are presented as numbers (percentages) and were compared using the
Pearson’s chi-square test or Fisher’s exact test as appropriate. Parameters with p < 0.1 in the
univariate logistic regression analysis were included in the multivariate logistic regression
analysis. Two-sided p value < 0.05 was considered as statistically significant. Statistical
analyses were performed using SPSS statistical software, version 25.0 (IBM Corp., Armonk,
NY, USA). GraphPad Prism 8.0 (GraphPad, San Diego, CA, USA) was used to perform
receiver operating characteristic (ROC) curve analysis.

3. Results

Among the 214 study patients, 69 patients had negative catecholamine levels. The
patients’ clinical characteristics are summarized in Table 1. The mean age of the entire
study population was 46.01 & 12.95 years. Hypertension and diabetes accounted for 63.6%
and 26.6% of the patients, respectively. Incidentaloma occurred in 79 patients (36.9%) in the
entire cohort. Tumor location was extra-adrenal in 93 patients (43.5%) and adrenal in 121
(56.5%). Among extra-adrenal tumors, in 25 patients (26.9%) they were located in head and
neck, and in 68 (73.1%) they were located in the thorax or abdomen. Open resection and
minimally invasive adrenalectomy were performed in 142 patients (66.4%) and 72 patients
(33.6%), respectively.

Table 1. Clinical characteristics of patients with pheochromocytoma and paragangliomas.

Variable All (n = 214)
Age, years (n = 214) 46.01 £ 12.95
Female, % (n =214) 112(52.3)
Diabetes, % (n = 214) 57(26.6)
Hypertension, % (1 = 214) 136(63.6)
BMI, kg/m? (n = 214) 2437 +3.27
Metabolic parameters
Glucose, mmol/L (n = 214) 5.4(4.7, 6.53)
Total cholesterol, mmol/L (n = 211) 4.49(4.02,5.23)
Triglyceride, mmol/L (n = 211) 1.25(0.85, 1.79)
LDL-c, mmol/L (n = 210) 2.76 = 0.76
Plasma metanephrine, nmol/L (1 = 118) 0.18(0.1, 2.59)
Plasma normetanephrine, nmol/L (1 = 118) 2.50(0.79, 5.98)
24hU-E, ug/24 h (n = 214) 4.22(2.81,17.51)
24hU-NE, ug/24 h (n = 214) 56.88(31.81,188.01)
24hU-DA, ug/24 h (n = 214) 232.15(186.74, 296.01)
Tumor characteristics (n = 214)
Adrenal PPGL, % 121(56.5)
Extra-adrenal PPGL, % 93(43.5)
Tumor diameter (cm) 5.0(4.0, 6.53)

PPGL, pheochromocytoma and paraganglioma; BMI, body mass index; 24hU-E: 24 h urine epinephrine; 24hU-NE:
24 h urine norepinephrine; 24hU-DA: 24 h urine dopamine; LDL-c, low-density lipoprotein cholesterol. Reference
range: plasma metanephrine: <0.5nmol/L; plasma normetanephrine: <0.9 nmol/L; 24hU-E: 1.74-6.42 ug/24 h;
24hU-NE: 16.69-40.65 nug/24 h; 24hU-DA: 120.93-330.59 ug/24 h.

The clinical characteristics of patients with negative and positive catecholamines are
summarized in Table 2. Age, sex, and BMI were not significantly different between the
two groups. Fewer patients in the negative-catecholamine group had hypertension and
diabetes compared with the positive-catecholamine group (43.5% vs. 73.1%, p < 0.001 and
10.1% vs. 34.5%, p < 0.001, respectively). Concentrations of total cholesterol, triglycerides,
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and low-density lipoprotein cholesterol did not significantly differ between the groups. In
the negative-catecholamine group, median concentrations of plasma metanephrine, plasma
normetanephrine, 24 h urine epinephrine, and 24 h urine norepinephrine were 0.1 nmol/L,
0.27 nmol/L, 3.37 ug/24 h, and 28.39 ug/24 h, respectively. Corresponding concentrations
in the positive-catecholamine group were 0.39 nmol/L, 3.77 nmol/L, 5.68 ug/24 h, and
126.00 ug/24 h, respectively. Extra-adrenal PPGLs were more frequent in the negative-
catecholamine group compared with the positive-catecholamine group (65.2% vs. 33.1%,
p <0.001). In patients with head and neck PPGLs, 2 patients (4.2%) were in the positive-
catecholamine group and 23 patients (51.1%) were in the negative-catecholamine group
(p <0.001). In patients with thoracic or abdominal PPGLs, 46 patients (95.8%) were in the
positive-catecholamine group and 22 patients (48.9%) were in the negative-catecholamine
group (p < 0.001). Tumor diameter in the negative-catecholamine group was significantly
smaller than that in the positive-catecholamine group (4.0 (3.0, 6.0) vs. 5.5 (4.5, 7.0) cm,
p <0.001).

Table 2. Clinical characteristics of the patients in the positive- and negative-catecholamine groups.

Negative- Positive-
Variable Catecholamine Catecholamine p Value
Group (1 = 69) Group (n = 145)
Age, years (n = 214) 4791 £ 12.53 45.10 £ 13.09 0.138
Female, % (1 = 214) 41(59.4) 71(49.0) 0.152
Diabetes, % (1 = 214) 7(10.1) 50(34.5) <0.001
Hypertension, % (n = 214) 30(43.5) 106(73.1) <0.001
BMI, kg/m? (n = 214) 24.63 +2.98 24.26 +3.40 0.439
Metabolic parameters
Glucose, mmol/L (n = 214) 4.9(4.6,5.65) 5.6(4.9, 6.75) 0.001
Total cholesterol, mmol/L (n = 211) 4.38(3.96, 4.92) 4.55(4.03, 5.34) 0.103
Triglyceride, mmol/L (n = 211) 1.36(0.90, 1.86) 1.23(0.76, 1.76) 0.36
LDL-c, mmol/L (n = 210) 2.63 £0.74 2.81 £0.77 0.106
Tumor characteristics (n = 214)
Adrenal PPGL, % 24(34.8) 97(66.9) <0.001
Extra-adrenal PPGL, % 45(65.2) 48(33.1) <0.001
Tumor diameter (cm) 4.0(3.0, 6.0) 5.5(4.5,7.0) <0.001

PPGL, pheochromocytoma and paraganglioma; BMI, body mass index; LDL-c, low-density lipoprotein
cholesterol.

In the univariate logistic regression analysis, extra-adrenal PPGLs were positively
associated with negative catecholamines (odds ratio (OR): 3.789, 95% confidence interval
(95% CI): 2.071-6.933; p < 0.001). Diabetes, hypertension, and tumor diameter were nega-
tively associated with negative catecholamines (OR: 0.215, 95% CI: 0.091-0.504, p < 0.001;
OR: 0.283, 95% CI: 0.155-0.516, p < 0.001; and OR: 0.77, 95% CI: 0.662-0.895, p = 0.001,
respectively). These results are summarized in Table 3. According to the results of the uni-
variate logistic regression analysis, diabetes, hypertension, total cholesterol, extra-adrenal
PPGL, and tumor diameter were included in the multivariate logistic regression analysis.
The results showed that extra-adrenal PPGL (OR, 2.724; 95% CI: 1.382-5.372; p = 0.004)
was independently positively associated with negative catecholamines; hypertension (OR,
0.305, 95% CI: 0.155-0.600, p = 0.001) and tumor diameter (OR, 0.826, 95% CI: 0.707-0.966,
p = 0.016) were independently negatively associated with negative catecholamines. We
used ROC curves to determine the diagnostic potential of tumor diameter for PPGLs
with negative catecholamines. The area under the curve was 0.660 (95% CI: 0.577-0.743;
p < 0.001), and the cutoff value was 4.85 cm (Figure 1).
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Table 3. Results of the univariate logistic regression.

Variable p OR 95% CI
Age 0.139 1.017 0.994-1.040
Female 0.153 1.526 0.854-2.727
Diabetes <0.001 0.215 0.091-0.504
Hypertension <0.001 0.283 0.155-0.516
BMI 0.437 1.035 0.948-1.130
Total cholesterol 0.09 0.759 0.551-1.044
Triglyceride 0.747 0.963 0.768-1.209
LDL-c 0.108 0.725 0.489-1.073
Extra-adrenal PPGL <0.001 3.789 2.071-6.933
Tumor diameter 0.001 0.77 0.662-0.895

PPGL, pheochromocytoma and paraganglioma; BMI, body mass index; LDL-c, low-density lipoprotein cholesterol;
OR, odds ratio; 95% CI, 95% confidence interval.
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Figure 1. Receiver operating characteristic curve evaluating the diagnostic potential of tumor di-
ameter for predicting PPGLs with negative catecholamines. AUC: area under the curve; PPGLs:
pheochromocytomas and paragangliomas.

In this study, 180 patients were followed up for a mean of 20.54 + 11.83 months, includ-
ing 61 in the negative-catecholamine group and 119 in the positive-catecholamine group.
Among them, five patients developed disease recurrence, namely three in the negative-
catecholamine group and two in the positive-catecholamine group. There was no significant
difference in tumor recurrence rates between the groups (p = 0.44). Three patients were
diagnosed with metastases during the follow-up, and all were in the positive-catecholamine
group. One patient died because of hypertension in the positive-catecholamine group.

4. Discussion

In our study, a positive association was found between extra-adrenal PPGLs and
negative catecholamines, and there was no significant difference in early tumor recurrence
rates between the two groups. Additionally, comorbidities were less frequent and tumor
diameter was smaller in the negative-catecholamine group. This study provided useful
information for clinicians to understand the PPGL patients with negative catecholamines,
which was very helpful for diagnosis and follow-up of patients with PPGLs.

A previous study of 42 patients presenting with adrenal incidentaloma revealed
14 cases of PHEO, with 3 (21%) of these exhibiting borderline urine or serum metanephrine
concentrations [13]. Another study from Italy revealed that 14% of the patients with PHEOs
had negative urine catecholamines [14]. In Kawashima et al.’s cohort [15], the prevalence of
patients with PPGLs and negative urine catecholamine results was 6.2%. In Heavner et al.’s
study [6], 9% of patients with PHEOs had negative markers preoperatively. On the basis of
these findings, the exact proportion of negative catecholamines in patients with PPGLs is
not yet clear. Two factors may explain the wide range of reported rates: study population
and definition of negative catecholamine concentrations. The evaluated population in our
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study comprised patients with PPGLs; however, some previous studies evaluated patients
with PHEOs only [6,14]. Furthermore, the definition of negative catecholamines varied in
previous studies in accordance with testing conditions at the different medical facilities
where the studies were conducted. In our study, negative catecholamine was defined as
plasma metanephrine, plasma norepinephrine, and urinary catecholamine concentrations
not exceeding their respective upper reference limits. In Kawashima et al.’s study [15],
negative catecholamine was defined as when the levels of urinary metanephrine and
normetanephrine did not exceed their upper reference limits. Large-scale, well-defined,
and well-targeted studies are needed to address this issue; however, because of the rarity
of PPGLs, performing these studies will be a great challenge.

In the present study, extra-adrenal PPGLs were significantly associated with nega-
tive catecholamines, and this result was similar with Kawashima et al.’s study [15]. An
association between negative catecholamines and extra-adrenal PPGLs is implied by the
high proportion of extra-adrenal PPGLs in patients in the negative-catecholamine group.
In PPGLs with the SDHB mutation, tyrosine hydroxylase is sometimes absent, resulting
in PPGL with biochemical silence [16]. Moreover, biochemically silent PPGLs have been
associated with SDHD mutations in a previous study [17]. A recent paper describing
the natural history and management of familial PGL syndrome type 1 also reported that
negative biochemical results occurred in the patients with SDHD mutations [18]. In ad-
dition, according to Neumann et al.’s study, patients with SODHB/SDHD mutations were
significantly more likely to develop extra-adrenal PPGL than those without [19]. According
to the results of above studies, the tumor locations and catecholamine secretion may be
associated with the type of gene mutation.

In a recent systematic review reporting patients with PPGLs treated with Sunitinib,
almost half of the patients with malignant PPGLs did not have excess catecholamine
secretion, while the remaining patients were with elevated catecholamines [20]. This
phenomenon suggests that it is very interesting to explore the relationship between cate-
cholamine secretion and metastatic progression of PPGLs. In Kawashima et al.’s study [15],
PPGLs with negative catecholamines were associated with metastatic disease. In contrast to
Kawashima et al.’s results [15], Heavner et al. [6] reported there were no metastatic PPGLs
in patients with negative catecholamines, whereas there were nine metastatic cases in
patients with positive catecholamines. Another study also reported that catecholamine con-
centrations were higher in patients with metastatic PPGLs than non-metastatic PPGLs [21].
In our study, after the short-term follow-up, only three patients were diagnosed with
metastatic PPGLs, and all were in the catecholamine-positive group. Compared with
previous reports [15,22,23], the proportion of metastatic PPGLs was lower in this study.
The possible reasons for this difference are as follows: First, we excluded patients who
presented with recurrence or metastasis of PPGL after treatment in other hospitals before
analysis. Second, as metastatic PPGLs often become evident several years after initial
diagnosis, the lower metastatic prevalence in this study may be due in part to the short-
term follow-up. Nonetheless, the proportion of tumor recurrence between the two groups
was not significantly different, suggesting that it is essential to closely monitor patients
in the catecholamine-negative group for tumor recurrence, just as patients with positive
catecholamines.

Several previous studies have reported a positive correlation between tumor size
and catecholamine concentrations [24-26]. In this study, we also found that tumor di-
ameter in the patients in the negative-catecholamine group was smaller than that in the
positive-catecholamine group. Although tumor diameter was smaller in patients with
negative catecholamines, existing literature has indicated that caution should be exercised
regarding complications when resecting these tumors. In one case report, a hypertensive
episode occurred during resection of an incidentally discovered adrenal lesion in a patient
without elevated metanephrine concentration, and PHEO was later diagnosed [7]. Despite
successful treatment, this case illustrates that complications may still occur during surgical
resection of tumors with negative catecholamines.
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In our study, hypertension and diabetes were less frequent in the negative cate-
cholamine group than the positive catecholamine group, which was expected owing to the
effect of catecholamines on blood pressure and glucose metabolism [27-29]. Catecholamines
also affect body weight during hypermetabolic and proinflammatory states [30]. As a re-
sult of a comparison between patients with negative catecholamines and patients with
catecholamine-positive PPGLs, Heavner et al. [6] reported that BMI was higher in patients
with negative catecholamines; however, Kawashima et al. [15] did not find a difference in
BMI between their negative- and positive-catecholamine groups, and the results in this
study were consistent with Kawashima et al.’s. The difference between the BMI in the above
studies may be due to the different prevalence of obesity between Asians and Americans.

Anatomical documentation of the tumor is necessary to diagnose PPGLs, and hor-
monal tests for catecholamines are helpful in the diagnosis of them [11]. Current Endocrine
Society Guidelines [1] suggests annual biochemical surveillance for PPGL patients. Ac-
cording to Puliani et al.’s suggestions [18], in PPGL patients with negative biochemical
results and SDHD mutations, periodic follow-up should include an annual biochemical
and ultrasonographic screening and biannual neck-mediastinum magnetic resonance exam-
ination. Based on our experience, for catecholamine-negative patients, we also recommend
annual biochemical testing and ultrasonographic screening, as well as biannual magnetic
resonance imaging to assess recurrence and metastasis.

This study has several limitations. First, bias was inevitable because of the ret-
rospective and single-center study design. Second, plasma metanephrine and plasma
normetanephrine concentrations were not measured in all patients. However, not all hospi-
tals have the ability to measure plasma-free catecholamines, while measurement of urine
catecholamines is common and feasible. Third, owing to the lack of genetic screening, we
could not confirm a relationship between genotype and catecholamines. Fourth, there
was no reliable method for dopamine-producing tumors. The plasma methoxytyramine
measurement was not available in our medical institution; although urinary dopamine
was collected, the majority of it is synthesized in the renal tubules from circulating Dopa.
Therefore, urinary dopamine is not a reliable indicator of dopamine-producing tumors. As
tumors that produce dopamine predominantly or exclusively are rare [31-33], the results
in our study can still be used for the assessments of most PPGLs.

5. Conclusions

The existence of catecholamine-negative PPGLs has been established, and they are
not uncommon. Negative first-line catecholamine testing does not necessarily rule out
a diagnosis of PPGLs. PPGL patients with negative catecholamines had an increased
likelihood of having extra-adrenal lesions and a lower likelihood of having comorbidities. In
addition, patients with preoperative negative catecholamines should be closely monitored
for tumor recurrence.
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Abstract: Background: The antiproliferative activity of a high dose of somatostatin analogs (HD-SSA)
in treating gastro-entero-pancreatic neuroendocrine neoplasms (GEP-NENSs) remains under debate.
Methods: A systematic review and proportion meta-analysis were made. The primary endpoint was
the efficacy measured as incidence density ratio (IDR) at one year. The secondary endpoints were
the disease control rate (DCR) and severe adverse events (SAEs). The heterogeneity (I12), when high
(>50%), was interpreted by performing a univariate metaregression analysis, analyzing as covariates:
type and design of the study, location (Europe or USA), sample size, grading according to 2017
WHO, the metastatic disease rate, previous therapy including surgery, and quality of the study.
Results: A total of 11 studies with 783 patients were included. The IDR was 62 new progressions
of 100 patients treated with HD-SSA every one year. The heterogeneity was high. The study’s year,
type and design, primary tumor, grading, previous treatments, and quality of the studies did not
influence the IDR. The IDR was significantly higher in USA centers and studies with more than
50 patients. The IDR was lower when a high rate of metastatic patients was present in the studies. The
DCR was 45%. The heterogeneity was high. The DCR was lower in USA studies and in prospective
trials. Conclusion: Given the limited efficacy of HD-SSA in preventing the disease progression in
unresectable GEP-NENS after failure of standard dose SSA, the use of this therapeutic approach is
advisable in selected cases when other antiproliferative treatments are not feasible.

Keywords: neuroendocrine neoplasms; high dose of somatostatin analogs; meta-analysis

1. Introduction

According to the WHO classifications, gastro-entero-pancreatic neuroendocrine neo-
plasms (GEP NENS) are classified based on tumor morphology (well-differentiated neu-
roendocrine tumors—NET—vs. poorly differentiated neuroendocrine carcinomas—NEC)
and grading, which is usually assessed by Ki67 proliferative index (G1 = Ki67 < 3%,
G2 = Ki67 3-20%, G3 = Ki67 > 20%) [1,2]. Disease aggressiveness is affected by several
factors, including primary tumor site, grading, stage, tumor burden, somatostatin receptors
expression, and metabolic activity (assessed by FDG-PET), which are used for evaluating
patient’s prognosis and for planning the optimal medical treatment when curative surgery
is not feasible due to advanced disease [3-5]. Treatment options for patients with NEN
are continuously expanding and include long-acting somatostatin analogs (SSAs), peptide
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receptor radionuclide therapy (PRRT), tyrosine kinase inhibitors, mTOR inhibitors, and
systemic chemotherapy [6].

Long-acting SSAs octreotide and lanreotide are widely considered effective and well-
tolerated first-line treatment for G1-G2 GEP NETs expressing sstr, following the results
of the phase-3 randomized controlled trials PROMID and CLARINET [7,8]. There are
five types of sstr (sstr1-5) whose activation by native somatostatin or SSAs results in
antiproliferative effects on tumor cells via direct and indirect mechanisms. Activation
of sstr on tumor cells leads to cell cycle arrest and apoptosis through regulation of MAP
kinase and phosphotyrosine phosphatase activity, while indirect mechanisms involve the
angiogenesis and growth factor secretion inhibition.

SSAs compare favorably with the other approaches available for the treatment of
NETs: indeed, SSAs have an excellent toxicity profile and are well-tolerated by patients
(with mild gastrointestinal symptoms which are usually transient), have a convenient
administration schedule, can control symptoms in patients with hormone-producing tu-
mors, and have shown to have antiproliferative effect. Standard SSA dose is one single
injection every 4 weeks, at the standard doses of 30 mg and 120 mg for octreotide and
lanreotide, respectively. While native somatostatin binds all sstr types but type 5 (sstr5) at
nanomolar concentrations, both SSAs selectively bind with high affinity type 2 sstr (sstr2),
which is preferentially expressed on NETs, and with slightly lower affinity sstr5. Their
potential increased antiproliferative activity, when used at higher doses in patients not
responding to standard dose SSA, has been investigated over the last two decades by
several retrospectives or small prospective studies, which report promising results in terms
of disease control rates (widely ranging from 30% to 100%) and median progression-free
survival (PFS) value (up to 32 months) [9-11]. However, a less favorable outcome, with a
median PFS of 8.4 months, was observed with high-dose octreotide (60 mg/4 weeks) in the
control group arm of the NETTER-1 study, which was designed to investigate the efficacy of
177Lu-DOTATATE vs. high dose octreotide in midgut NETs [12]. Similarly, in the recently
reported phase-2 CLARINET FORTE trial which, patients receiving doubled dose lan-
reotide (120 mg/2 weeks) after progressing on the standard dose (120 mg/4 weeks) had a
median PFS of 8.3 months and 5.8 months in pancreatic and midgut NETs, respectively [13].

Given the heterogeneity of available data on the antiproliferative activity of high-dose
(HD) SSAs, we undertook this systematic review and meta-analysis to assess the current
literature regarding the efficacy of increasing octreotide or lanreotide dose in patients with
progressive GEP NET after standard dose treatment.

2. Materials and Methods

The manuscript was structured following the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) statement [14].

2.1. Eligibility Criteria, Information Sources, and Search

All studies fulfilling the following PICOS criteria [15] were considered eligible for the
present study:

1. Population (P): patients with unresectable GEP-NENSs;

2. Interventions (I): HD-SSA;

3. Comparator (C): none;

4. Outcome (O): Progression-free survival (PFS), disease control rate (DCR), and Severe
Adverse Events (AEs);

5. Studies: prospective and retrospective studies.

Studies were included when Kaplan—-Meier of PFS was reported. Review articles
without original data and case reports were excluded. A systematic review of the literature
was conducted following the recommendations for systematic reviews in surgery provided
by Goossen et al. [16]. The PubMed databases were searched for eligible articles in the
English language without publication date or publication type restriction. The last search
was carried out on 27 October 2021. The search was conducted using medical subject
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headings (MeSH) combined with the following non-MeSH words. The string search used
in MEDLINE/PubMed was: (neuroendocrine tumors [MeSH Terms]) AND (octreotide or
lanreotide) OR (somatostatin [MeSH Terms]).

2.2. Study Selection and Data Collection Process

The identified records were screened for title and abstract independently by two
investigators (M.R. and G.L.). If the paper was considered eligible, the full-text text was
evaluated. Data were extracted from the selected articles using a prefixed electronic form.
Extracted data were then compared, and any discrepancies were solved through discussion.
Any disagreement regarding inclusion criteria was solved through discussion or consulting
the last author (D.C.). The PRISMA flow diagram was reported in Figure 1.

19.280 records identified 3 additional records identified
trough PubMed Searching from other sources

19283 records screened

19254 records excluded as not
related with the study topic

v

v

29 studies assessed for
eligibility

18 records excluded (did not
> fulfil inclusion criteria)

v

11 full-text articles included
in qualitative synthesis

Figure 1. Results of search and reasons for exclusion of papers according to PRISMA statement.

2.3. Data Items, Risk of Bias in Individual Studies, Summary Measures, and Synthesis of Results

The following data were extracted to describe the included studies: year of publication,
first author, study type and design, study period, institution and country, study period,
number of participants, type, and schedule of SSA. Tumor origin, grading according
to the 2017 World Health Organization (WHO) classification [1], metastases, previous
treatment with the standard dose of SSA or chemotherapy or surgery of primary tumors
were also extracted to evaluate the influence on the outcomes. The quality of studies was
assessed with the Risk Of Bias In Non-randomized Studies—of Interventions (ROBINS-I)
tool [17]. Incidence density rate (IDR) was used to standardize PFS measurement among
the different studies. IDR represents the number of events for at-risk patients per year
and makes comparable studies with different observation times. These measures can be
assimilated to the hazard rate every year for patients exposed [18]. Thus, the ratio obtained
from the IDR incidence density rates can be assimilated to the HR only for the exponential
model (constant hazard functions) and the absence of significant differences in the average
follow-up duration between the sub-groups [18]. To obtain the crude number of events
and observation period from Kaplan-Meier curves, we used dedicated software (GetData
Graphical Digitizer@). The results were reported as a pooling proportion (effect size) and

83



J. Clin. Med. 2022, 11, 6127

a 95% CI using a random effect model. The meta-analysis was carried out in line with
recommendations from the Cochrane Collaboration and Meta-analysis of Observational
Studies in Epidemiology guidelines [19,20] and the Mantel-Haenszel random-effects model
was used to calculate the effect size [21].

2.4. Risk of Bias across Studies and Additional Analyses

The risk of bias across included studies was measured using the I?, which describes the
variability in point estimates due to heterogeneity rather than sampling error [22]. When
I? was <50%, the risk of “between-study heterogeneity” was judged as low-moderate; if
12 was >50%, the risk of “between-study heterogeneity” was considered high. The meta-
regression analysis was performed when heterogeneity was high. The meta-regression
was performed using the maximum residual likelihood (REML) approach [23]. The values
obtained from metaregression represent the HRs for PFS and the ORs for the DCR and
severe AEs, obtained comparing the subgroups. R? indicates the heterogeneity explained
by the covariate. A p value < 0.05 was considered statistically relevant.

The statistical analysis was carried out using dedicated packages for STATA version
14® (StataCorp, College Station, TX, USA).

3. Results
3.1. Study Selection

Article selection process is shown in Figure 1. A total of 19,283 articles were screened,
but only 29 studies were evaluated in full-text form. Of these, 18 were excluded because
they did not meet inclusion criteria. Finally, only 11 papers [10-13,24-30] were considered
suitable for the meta-analysis.

3.2. Study Characteristics and Risk of Bias within Studies

All the papers were published between 1994 and 2021. Eleven studies involving
783 patients were included. There were eight retrospective and three prospective cohorts.
The majority of the studies (63.6%) were multicentric and conducted exclusively in Euro-
pean countries. The median sample size of the studies was 54 (range 12-140). The different
schedules used are reported in Table 1. The majority of studies (81.8%) have a moderate risk
of bias. The other potentially relevant confounding factors are reported in Supplementary
Table S1.

Table 1. Characteristics of 11 included studies.

Study Center(s) Study Patients
Year Authors Study Type Design (Country) Period Enrolled Therapy ROBINS-I
1994 Di Bartolomeo Retrospective  Multicentric 13 Italian 1992-1994 58 15mg délly; Moderate
et al. [24]. centers 3 mg daily
. . . 49 German .
1996 Arnold et al. [25].  Retrospective ~ Multicentric centers 1989-1991 103 1.5 mg daily Moderate
1999 Faiss et al. [26]. Retrospective ~ Multicentric 325:;:“ Not reported 30 15 mg daily * Moderate
2004 Welin et al. [27]. Retrospective ~ Monocentric Sweden Not reported 12 1gg4mvée:]f§ y Moderate
2009 Chadha et al. [28]. Retrospective  Monocentric USA 2002-2007 30 >3(r)nr(r)1§tﬁv§ery Moderate
2012 Ferolla et al. [29]. Prospective Multicentric Ttaly 2007-2008 28 30;3\]8&;‘(’21”}’ Moderate
41 centers, 60 me ever
2017 Strosberg et al. [12]. Prospective Multicentric 8 countries 2012-2016 113 4 wgeek§ y Low

world-wide

84



J. Clin. Med. 2022, 11, 6127

Table 1. Cont.

Study Center(s) Study Patients
Year Authors Study Type Design (Country) Period Enrolled Therapy ROBINS-I
2018 Lau et al. [30]. Retrospective ~ Monocentric Canada 2000-2013 65 >3(r)nr;1§t;x1§ery Moderate
180 mg every
2019 Lamberti et al. [10].  Retrospective ~ Multicentric Ttaly 2004-2017 140 4 week " or 60 mg Moderate
every 4 week §
2021 Pavel et al. [13]. Prospective Multicentric 25 European 2015-2019 51 +48# 120 mg every Low
centres 14 days
2021~ Diamantopoulos g ective  Monocentric UK 2003-2017 105 120 mg every Moderate
etal. [11]. 21 days
Legend: " = Lanreotide; ° = Octeotride Pamoato: § = Octreotide Acetato; # =51 midgut and 48 pancreatic endocrine
neoaplasm (panNET); PFS = progression free-survival; DCR = Disease Control Rate; Severe AEs = Severe
Adverse Events.
The meta-analytic results are reported in Table 2 and Figures 2—4. The proportion of
patients who experienced a disease progression was 62% (53 to 70, 95% CI) per 100 subjects
treated every year. Pooled DCR and severe Aes rates were 45% (24 to 64, 95% CI) and 9%
(3% to 14%, 95% CI), respectively. All results are affected by high heterogeneity: 96.4%,
98.1%, and 88%, for PFS, DCR, and severe Aes.
Table 2. Results of meta-proportion analysis.
Endpoints Number of Studies Effect Size (95% CI) p-Value Heterogeneity I (%)
PFS 118 0.62 (0.53 to 0.70) <0.001 * 96.4
DCR 118 0.45 (0.24 to 0.64) <0.001 * 98.1
Severe Aes 118 0.09 (0.03 to 0.14) <0.001 * 88

Legend: * = the referent for effect size is the zero value; when p-value is <inferior to 0.05, the event is statistically
significant; PFS = progression-free survival; DCR = disease control rate; $ = 11 studies counting 12 cohorts were
included because Pavel et al. [13] reported pancreatic and small intestinal NEN's results separately.

Study
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Figure 2. Forest plot for pooled incidence density rate of PFS in patients treated with

HD-SSA [10-13,24-30].

85



J. Clin. Med. 2022, 11, 6127

%
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Figure 3. Forest plot for pooled incidence density rate of DCR in patients treated with
HD-SSA [10-13,24-30].
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Figure 4. Forest plot for pooled incidence density rate of Aes in patients treated with
HD-SSA [10-13,24-30].
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At univariate meta-regression analysis, PFS was significantly influenced by three
factors (Table 3). The risk of progression was significantly higher in the studies coordinated
by USA centers (HR 1.23; 1.03 to 1.45; p = 0.021) and when more than 54 patients were
enrolled (HR 1.31; 1.04 to 1.64; p = 0.023, Figure 5).

0 |
o
8
2
‘®
(=
[9)
©
o
o
=
S 4
23
=
o -
T T T T
0 50 100 150
Sample size
I Prediction interval [IIM Confidence interval
Linear prediction A Prediction including random effects

Figure 5. Results of metaregression analysis: the relationship between the incidence density rate and
sample size of the studies.

The risk of recurrence was lower in studies with a high rate of metastatic patients (HR
0.35; 0.14 to 0.87; 95% CI). The DCR rate was lower in USA studies (OR 0.76; 0.59 to 0.98;
p = 0.040) and in prospective trials (0.77; 0.67 to 0.89; p < 0.003). No factor explained the
heterogeneity of severe Aes.
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4. Discussion

SSAs are the mainstay of treatment of well-differentiated GEP-NET since they showed
antiproliferative effect [7,8] with a very tolerable safety profile [31,32]. Subsequent treat-
ment lines at progression include PRRT, TKIs, or chemotherapy, all of which have a toxicity
profile less favorable than SSAs, with PRRT preferred over other alternatives [33,34]. Non-
conventional doses SSA (HD-SSA), achieved by either dose density or dose intensity
increase, have been proposed and investigated as a potential treatment option in patients
with GEP-NET whose disease progressed on standard dose SSA. Well-differentiated NETs
are a heterogeneous group of tumors whose prognosis varies hugely based on baseline
clinicopathological variables, including previous evidence of radiological progression,
primary organ of origin, Ki67, and extra-hepatic involvement among others, as showed
by the highly different median PFS observed in the CLARINET and PROMID studies of
lanreotide autogel and octreotide, respectively [7,8], and in the studies investigating the
role of HD-SSA (with median PFS ranging from 5 to 30 months). Our meta-analysis showed
a relatively high proportion of patients who experience disease progression per year while
on HD-SSA, with a discrete rate of DCR as best response and a low incidence of severe
adverse events. However, the studies included in the present meta-analysis are highly
heterogenous, as captured by an I? of approximately 90% and above. To investigate this
aspect, a metaregression was performed that showed that DCR is lower in prospective
studies than in retrospective ones and in those carried out in the USA compared to those
carried out in Europe, with the latter applying also to PFS. An explanation to these findings
might be that studies with more rigorous tumor response assessment criteria are more
likely to identify and report earlier progressive disease. On the other hand, PFS is shorter
in studies with less metastatic patients likely because progressive disease might be more
difficult to identify in patients with multiple metastasis, e.g., miliary liver involvement
or type III pattern [35]. Furthermore, PFS is shorter for studies with greater sample size,
possibly because it tracks with better-conducted, more rigorous studies, with stricter criteria
for tumor response evaluation assessment and report of disease progression.

Reviewing the most significant studies, it was found that in the CLARINET FORTE
phase II trial of lanreotide 120 mg every 14 days in patients with midgut (N = 79) or
pancreatic NET (N = 79), a dramatic decrease in median PFS was observed in tumors with
Ki67 >10% as compared to those with a lower proliferation index, in both the midgut (5.5 vs.
8.6 months, respectively) and the pancreatic cohort (2.8 vs. 8.0 months, respectively) [13].
Findings from the CLARINET FORTE trial are in line with the findings of our meta-analysis
as it shows that HD-SSA is a feasible treatment option with acceptable PFS outcome only in
a subset of patients with pancreatic NET progressing on standard dose SSA, namely those
with ki67 < 10% as per the post-hoc analysis of the trial. In a retrospective UK series of
105 patients with GEP-NET who each received either lanreotide autogel 120 mg or octreotide
30 mg every 3 weeks, median PFS was 25 months ad it was shorter in patients with
PFS < 12 months to previous standard-dose SSA treatment, pancreatic primary, Ki-67 > 5%
and extrahepatic metastases [11]. However, in this study 58% of patients received HD-SSA
because of symptoms progression and 11% because of elevation in serum biomarkers,
which could have selected for more indolent disease on the radiological progression side
and explain the long PFS observed. Nevertheless, in a large Italian multicenter retrospective
study that included 140 patients with GEP-NET who received HD-SSA upon radiological
progression to previous treatment, a median PFS of 31 months in the overall cohort was
observed [10]. Furthermore, the median PFS was longer when HD-SSA was used as second-
line treatment as compared to later lines of treatment, with a trend toward an association
with previous standard dose SSA treatment duration, similarly to that observed in the UK
series [11].

5. Conclusions

In conclusion, available literature and the results of our meta-analysis suggest that
HD-SSA is not the preferred treatment choice in patients with GEP-NET who progressed
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on standard-dose SSA because of the short PFS and low DCR reported, especially when
compared with other alternatives, such as PRRT [12,33]. This is markedly more evident in
studies carried out in the USA, with prospective design, and in patients with metastatic
disease. However, a subset of patients with advanced age, whose disease showed indolent
behavior, long PFS on standard-dose SSA (>12 months), low Ki67/grading, and low or no
extrahepatic metastatic burden, could benefit from HD-SSA treatment as a low-toxicity
effective treatment that can preserve quality of life.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jecm11206127 /51, Table S1: Factors potentially influencing incidence
density ratio, disease control rate, and severe adverse events.
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Abstract: Background: Pancreatic diseases may affect nutritional status, which is one of the important
associated factors of bone health. High prevalence of osteoporosis or osteopenia has been reported
in patients with pancreatitis. The bone loss in pancreatic neuroendocrine tumors (PNETs) has not
been reported. In this study, we showed the prevalence of bone loss and possible associated factors
in PNET patients. Methods: A total of 91 PNET patients were included. Bone status was evaluated
based on computed tomography (CT) attenuation (Housfield units, HU): >160 HU, normal bone
mineral density; osteopenia, 135 HU < CT value < 160 HU; osteoporosis, <135 HU. Associated
factors for bone loss were identified by logistic regression analyses. Results: The average age was
55.76 years old in PNET patients. The prevalence of osteoporosis and low bone mass was 37.4%
and 60.4%, respectively. Higher prevalence of osteoporosis was observed in patients older than
50 years (64.0%). Multivariate logistic analysis showed that age was an associated factor for low bone
mass (odds ratio (OR) = 1.13, 95% confidence interval (CI): 1.04-1.22) and osteoporosis (OR = 1.14,
95% CI: 1.03-1.20). Diabetes was also associated with bone loss in PNET patients after adjusting with
confounders (OR = 13.56, 95% CI: 1.02-132.4). Conclusions: Our data show that bone loss is common
in patients with PNETs. Age and diabetes are associated with bone loss in PNET patients.

Keywords: bone; osteoporosis; pancreatic neuroendocrine tumors

1. Introduction

Osteoporosis is one of the major public health problems and is associated with bone
fragility and high fracture risk [1]. It has been reported that patients with gastrointestinal
disease (GI) had a high risk of low bone mass or osteoporosis [2]. High prevalence of
osteoporosis or osteopenia has been reported in patients with chronic pancreatitis [3-5]
and acute pancreatitis [6]. The association between gastric cancer and osteoporosis was
also reported [7,8]. Considering neuroendocrine tumors (NET) may have hormone hyper-
secretion, osteoporosis/osteopenia is also reported in patients with NETs [9]. Pancreatic
neuroendocrine tumors (PNETs) represent a rare subgroup of neuroendocrine tumors
(NETs) [10]. The estimated annual prevalence of PNETs was 0.48 per year 100,000 persons.
Given the improvement in diagnostic techniques, the occurrence of PNETs is increasing [11].
However, the prevalence of bone loss in PNETs has not been clarified, except for a few case
reports [12].

Pancreatic diseases may affect nutritional status and is one important associated
factor of bone health. PNET may metastasize in bone, increasing the risk of bone loss,
break or fracture [13]. In addition, diabetes and obesity are potential risk factors for
gastroenteropancreatic NET occurrence [14] and they may also have an impact on bone loss
or fracture [15-17]. Moreover, diabetes is associated to a more advanced and progressive
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disease [14,18]. However, the role of diabetes in PNET-associated bone loss is still unclear.
In the present study, we performed a retrospective analysis to show bone loss in patients
with PNETs and possible associated factors.

2. Material and Methods
2.1. Patients

During January 2016 and January 2022, a total of 116 cases of PNETs were found in
our institution. Those patients with distal metastasis, without computed tomography (CT)
examinations, and who received any treatment, such as surgical resections, radiotherapy,
chemotherapy or somatostatin before CT examination were excluded from this study. This
retrospective study finally included 91 patients with PNETs. The information of age, gender,
history of diabetes mellitus (DM), tumor grade, and tumor size were collected from the
medical database. DM was also evaluated by the plasma glucose levels on two separate
occasions. Functional PNETs were evaluated by clinical symptoms, such as glucopenia and
refractoriness anabrosis. This study was approved by the Ethics Board of the Affiliated
Hospital of Nanjing University of Chinese Medicine. Informed consent was obtained from
each subjects. This study was performed in accordance with the Declaration of Helsinki.

2.2. PNETs Grade

PNETs grade were divided into three groups based on the ki67 index and mitosis
count [19]. Briefly, Grade 1 (G1): Ki-67 < 2 and/or mitosis count < 2/10 HPF; G2: Ki-67 index
is 3-20 and/or mitosis count is 2-20/10 HPF; G3: Ki-67 index > 20% and/or mitosis
count >20 per 10 HPE. G3 tumor was not divided into well-differentiated G3 and pancreatic
neuroendocrine carcinoma (PNEC) because of some missing histological information.

2.3. CT Scanning

CT scans were obtained from the multi-detector CT system (GE healthcare, Tokyo, Japan;
Philips Brilliance 64, The Netherlands). The CT scanning protocols were as follows: Tube
voltage of 120 kV; slice thickness of 2-5 mm and automatic tube current modulation.
The images were reconstructed in the workstation using a 0.625 mm section thickness
and 0.5 mm increments. The average CT attenuation of the lumbar vertebra (L1-L3) in a
region of interest (ROI) through trabecular bone were recorded in Housfield units (HU)
for each scan, thus avoiding erosion and sclerosis. The determination of bone attenuation
in L1-L3 are shown in Figure 1. Bone loss and osteoporosis were defined based on CT
attenuation. Briefly, according to previous defined attenuation thresholds, the cohort
was divided into normal bone mineral density (bone attenuation > 160 HU), osteopenia
(135 HU < bone attenuation < 160 HU) and osteoporosis (bone attenuation < 135 HU) [20].

Mean=130.41
=210 Min

Figure 1. Coronal (left) and sagittal (right) CT images of lumbar spine (L1) in a 52-year-old women
patient with pancreatic neuroendocrine tumors (PNETs).
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2.4. Statistical Analysis

The data analyses were performed by SPSS 20.0 (IBM Corp., Armonk, NY, USA). The
continuous data was shown as mean =+ standard deviation and qualitative data was shown
as a number. Correlation analysis was used to show the association between variables.
Univariate and multivariate logistic regression analyses were used to identify the associated
factor with bone loss. Statistical significance was defined if p value was less than 0.05.

3. Results
3.1. Characteristics of Patients

The characteristics of patients in PNETs are summarized in Table 1. Among 91 patients
with PNETs, the mean age was 55.76 years old. There were 35 women and 56 men,
respectively. Most of the PNET patients were asymptomatic. Eight patients had functional
tumors. The mean CT values of L1-L3 was 158.0 HU. The tumor location was distributed
roughly equally among the head-neck (1 = 49, 53.8%) and body-tail (n = 42, 46.2%) and the
average tumor size was 3.14 cm.

Table 1. Characteristics of patients.

PNET (n =91)
Age 55.76 + 12.97
Gender (women/men) 35/56
Functional tumor 8
Clinical symptoms
Abdominal pain 29
Weight loss 4
Jaundice 3
Back pain 4
Abdominal mass 0
Glucopenia 6
Asymptomatic 48
Others 8
Post-menopausal status * 27
TNM stage
T1 27
T2 52
T3 12
NO 76
N1 15
CT value (HU) 158.0 + 50.11
Location (head-neck/body-tail) 49/42
Size 3.14 +1.67
Grade (G1/G2/G3) 20/24/14
CT values (HU)
>160 36
135-160 21
<135 34

CT: computed tomography; HU: Housfield units; PNETs: pancreatic neuroendocrine tumors (PNETs).
* for women.

3.2. The Prevalence of Bone Loss

The prevalence of osteoporosis and bone loss was 37.4% and 60.4% (Table 1), respectively.
The prevalence of osteoporosis and low bone mass or osteoporosis in patients with PNETs in
men and women are shown in Figure 2. Women tended to have a higher risk of osteoporosis
than men (45.7% vs. 32.1%) (Figure 2). Figure 3 showed the prevalence of osteoporosis
and low bone mass or osteoporosis in patients older than 50 years. Women tended to have
a higher risk of osteoporosis than men (64.0% vs. 36.8%), but no significant difference
were observed.
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Figure 2. The prevalence of osteoporosis and bone loss (low bone mass + osteoporosis) in patients
with pancreatic neuroendocrine tumors (PNETs).
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Figure 3. The prevalence of osteoporosis and bone loss (low bone mass + osteoporosis) in old patients
(>50 years) with pancreatic neuroendocrine tumors (PNETs).

3.3. Risk Factors for Bone Loss

CT attenuation was negatively correlated with age (r = —0.62, p < 0.01) and DM
(r=—0.33, p = 0.01). However, such an association was not observed between bone CT
attenuation and tumor size (r = —0.05, p = 0.69) or tumor grade (r = —0.04, p = 0.74). Subse-
quently, logistic regression analysis was used to identify the associated factors. Risk factors
for osteoporosis and low bone mass in patients with PNETs are shown in Table 2. The
univariate and multivariate logistic regression analyses both showed that age (odds ratio
(OR) =1.11, 95% confidence interval (CI): 1.05-1.17; OR = 1.14, 95% CI: 1.03-1.20) and DM
(OR =10.64, 95% CI: 1.32-118.7; OR = 13.56, 95% CI: 1.02-132.4) were independent risk
factors for osteoporosis in patients with PNETs. Univariate and multivariate logistic regres-
sion analysis showed that age (OR = 1.12, 95% CI: 1.06-1.18; OR = 1.13, 95% CI: 1.04-1.22)
was an independent risk factor for low bone mass.
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Table 2. Associations between variables and osteoporosis and low bone mass in pancreatic neuroen-
docrine tumors (PNETSs).

Osteoporosis Low Bone Mass
Univariate Multivariate Univariate Multivariate
(OR, 95% CI) (OR, 95% CI) (OR, 95% CI) (OR, 95% CI)
Age 1.11 1.14 1.12 1.13
& (1.05-1.17) (1.03-1.20) (1.06-1.18) (1.04-1.22)
Gender 1.78 2.36 0.83 0.81
(women vs. men) (0.75-4.24) (0.68-9.78) (0.35-1.94) (0.32-2.75)
Location 1.60 1.74 1.0 1.24
(0.53-4.85) (0.49-7.69) (0.43-2.00) (0.43-4.36)
. . 10.64 13.56
Diabetes mellitus (132-118.7) (1.02-132.4) / /
Grade 0.45 0.36 1.28 0.54
(G3 vs. G1/G2) (0.12-1.84) (0.04-1.13) (0.42-4.54) (0.13-4.56)

CI: confidence interval; OR: odds ratio.

4. Discussion

Patients with gastroenteropancreatic-NETs (GEP-NETs) have an increased risk of
developing osteopenia and osteoporosis. The bone health of patients with GEP-NETs can
also be influenced by hormone hypersecretion, specific microRNAs, nutritional status,
or vitamin D deficiency besides the direct effect of bone metastasis [21]. However, the
incidence and risk factors of the bone loss in patients with PNETs have not been well
recognized. Our data showed that bone loss is common in patients with PNETs (60.4%).
Considering that patients with PNETs usually live for a long time, bone health should
attract the attention of those patients.

The prevalence of osteoporosis and low bone mass based on quantitative CT (QCT)
have been reported in a recent study [22]. For those patients > 50 years, the prevalence of
osteoporosis was 28.9% for women, and the prevalence of low bone mass was 42.98% for
men and 41.07% for women. Our study showed that the prevalence of osteoporosis and low
bone mass in PNETs patients was both higher than the national data from China [22]. The
association between DM and PNETs occurrence has been reported [14,23]. Some studies
also showed that the occurrence of distant metastasis was higher in PNET patients with DM
than those without diabetes [24]. We also showed that DM was a risk factor for osteoporosis
or low bone mass in PNETs patients. The association between DM and bone loss or fractures
have been widely studied. However, such association was rarely reported in PNET patients.
Tumor grades are associated with PNETs treatment and prognosis. However, we did not
observe an association between tumor grades and bone loss. One possible explanation is
that metastatic PNETs were excluded from our study. Age is the main determined factor for
bone loss in the general population. Similar results were observed in our population with
PNET, thus suggesting that the role of gonadal status played a critical role in bone health.

Partial or total resections of the pancreas is also associated with osteoporosis [25]. The
patients in our study did not receive any treatment, such as surgical resections, radiotherapy,
chemotherapy or somatostatin before CT examination. Therefore, the effects of partial or
total resections of the pancreas on bone was not studied in our study. We speculated that
surgical resection may cause more severe bone loss in PNET patients. The bone health in
patients with pancreatic neoplasms is a matter worthy of attention. A healthy lifestyle,
such as physical activity, strength training, training to prevent falls, smoking cessation
and decreasing alcohol consumption, are important for bone health. Additionally, the
American Society of Clinical Oncology (ASCO) suggested that cancer patients should
receive a personalize bone mineral density test or take pharmacologic interventions if
necessary [26].

The mechanism of how PNET affects bone metabolism are not well clarified. Several
related factors have been reported. Briefly, pancreatic diseases may affect the patients’ nu-
tritional status because pancreatic juice is important for digestion. Hormone hypersecretion
may be another important factor for bone loss in PNET [21]. Functional PNETs may affect
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bone metabolism by secreting hormone, such as serotonin (5-HT). NET may also affect the
bone by secreting microRNA [20], such as miRNA-201 and miRNA196a.

There are several limitations. First, the sample size was small because of the rarity of
PNETs. Our study is a just exploration, and further studies are needed. Second, body mass
index may be an associated factor for bone mineral density (BMD). However, we did not
collect the data of height and weight. Interestingly, a study showed that QCT-based BMD
was not associated with body mass index (BMI) [27]. Therefore, the missing data of BMI
may not affect our conclusion. Third, we only showed the prevalence of bone loss, and
we did not investigate the possible mechanisms. Fourth, the prevalence of osteoporosis
after pancreas resection was not followed up. It would be important to know this data for
patient management. Fifth, it would be better to evaluate bone mass by Dual energy X-ray
absorption (DXA) or QCT. However, QCT is not routinely performed during abdominal
CT scans. Bone CT attenuation can also be used to define bone mass [28]. Finally, we did
not have the data of hypogonadism in men, and bone turnover markers, vitamin D status,
medical therapies, and other risk factors, such as smoking or corticosteroid use. Prospective
studies on this topic are needed.

5. Conclusions

In conclusion, our study showed that the prevalence of osteoporosis and bone loss in
patients with PNETs was high. Age and diabetes are the two associated factors with bone
loss in PNET patients. Bone health needed attention considering that these patients usually
live for a long time.
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Abstract: We investigated the diagnostic capacity of selected circulating biomarkers (CBMs) for the
early detection of bone metastasis (BMets) in patients with pancreatic neuroendocrine neoplasms
(PanNENS). A total of 115 patients with PanNENs and 40 controls were enrolled. We measured the
serum levels of ferritin, cytokeratin 18 (CY18), CA19-9, CA125, AFP, CEA, and beta-2 microglobulin
(B2M). A total of eight PanNEN patients developed BMets, and one hundred seven remained BMets-
free. We observed a significantly higher level of CA125 and CY18 in BMets patients vs. non-BMets
patients (p = 0.01 and p = 0.04, respectively). CA125, CY18, and B2M area under receiver operator
characteristic (AUROC) analyses differentiated both patients groups; CA125 area under the curve
(AUC) 0.77, p < 0.01; CY18 AUC data were 0.72, p = 0.03, and B2M AUC 0.67, p = 0.02. On the basis
of CBM metrics in both subgroups, we reached a sensitivity /specificity for CA125 of 75/76%,; for
CY18 of 75/69%, for B2M of 100/50%, for CA125, and the CY18 combination of 93/90%, respectively.
According to current results, CA125 and CY18 seem to have the potential capacity as fair biomarkers
for BMets detection, despite the small number of cases. Further studies are warranted in the larger
PanNEN patient group.

Keywords: pancreatic neuroendocrine neoplasms; bone metastasis; biomarker

1. Introduction

Neuroendocrine neoplasms (NENs) of the pancreas constitute about 30% of all gastro—
entero—pancreatic neuroendocrine neoplasms (GEP-NENSs) and 1-2% of all pancreatic tu-
mors [1]. These tumors can be functional pancreatic neuroendocrine neoplasms
(F-PanNENSs) or non-functional pancreatic neuroendocrine neoplasms (NF-PanNENs)
(60-90%). According to the 5th edition of the World Health Organization (WHO) gastroin-
testinal system classification (2019), these neoplasms are divided into well-differentiated
neuroendocrine tumors (NETs) and poorly differentiated neuroendocrine carcinomas
(NECs). Additionally, these PanNETs are classified into three subtypes based on the grade
of their histological maturity; NET G1—high grade, NET G2—intermediate grade, and
NET G3—low grade (according to the number of figures of division and the proliferation
index Ki-67).

Over one-third of patients with pancreatic NENs (PanNENSs) present with metastatic
disease at diagnosis [2]. The 5-year survival rate of PanNENS, for the most part, is associated
with distant metastasis [3]. Metastases are present mainly in the liver; however, bone
metastases are detected in less than 15% of all NEN patients [4] and in only 4% of pancreatic
NEN (PanNEN) patients [4,5]. Bone metastases may be asymptomatic and incidentally
detected; therefore, both functional imaging, such as [®®Ga]Ga-somatostatin analog (SSA)
positron emission tomography (PET)/computed tomography (CT)/ ['8F]F-FDG PET/CT,
and anatomical scans, such as CT/magnetic resonance imaging (MRI) are needed to assess

J. Clin. Med. 2023, 12, 4687. https:/ /doi.org/10.3390/jcm12144687

https:/ /www.mdpi.com/journal /jcm
101



J. Clin. Med. 2023, 12, 4687

the disease status of PanNEN [6]. The asymptomatic nature of bone metastases results in
an underestimation of the incidence of real bone metastases in NEN patients. The most
common symptoms of bone metastases are pain, pathological fractures, and metastatic
spinal cord compression. They can lead to malignant hypercalcemia and worsened quality
of life [7].

Metastatic disease is always connected with a limited prognosis [8]. Therefore it is
essential to find new markers that can predict the probability of metastasis and improve
the clinical outcome with accurate treatment. Early detection techniques and treatments for
bone metastases, such as bisphosphonate, denosumab, as well as radiation therapy, can
significantly reduce the risk of spinal cord compression and pathological fractures, mitigate
pain, and thus improve quality of life [9].

Some studies suggest that the presence of certain circulating biomarkers can be useful
in the early diagnosis/detection of bone metastases [9,10]. To diagnose bone metastases in
PanNEN patients, circulating biomarkers, including ferritin, cytokeratin 18 (CK18), CA19-9,
CA125, AFP, CEA, and B2M, were evaluated.

Ferritin is a globular protein, which is synthesized in the liver, spleen, and numerous
other body tissues and represents total iron storage in the body. Ferritin can play a role
in the angiogenesis, proliferation, and immunosuppression of cancer cells [11]. Unfortu-
nately, the higher level of ferritin correlate with increased disease aggressiveness and worse
response to treatment. Additionally, ferritin, through the immune system expression of
tumor-associated macrophages, leads to an elevated risk of tumor progression and resis-
tance to treatment [12,13]. In the case of cancer, a higher level of ferritin can also indicate
residual neoplastic tissue [14]). CK18 is a structural protein involved in regulating cell
growth, apoptosis, mitosis, cancer-related signaling, motility, and many other important
processes [15]. It is widely expressed in epithelial tissues of many organs (kidneys, lungs,
liver, pancreas, gastrointestinal tract, or mammary gland). Moreover, it is continuously
expressed in various cancer tissues and is considered a marker of apoptosis [15,16]. Progres-
sion of epithelial tumors is associated with cell apoptosis and increased serum CK18 levels.
Studies showed elevated circulating caspase-cleaved cytokeratin 18 in colorectal cancer
with liver metastases and hepatocellular carcinoma (HCC) patients. However, in colorectal
cancer, levels were significantly higher in patients with higher tumor load and correlated
with metastatic volume [16]. Another study suggests that HCC releases CK18 via apoptosis,
and HCC patients with low serum CK18 levels have a longer rate of survival [17].

CA19-9 is a cell-surface glycoprotein complex produced by human pancreatic, biliary
ductal, gastric, and colon cells. The increased level of CA19-9 may occur in several benign
gastrointestinal diseases, but the plasmatic level is severely elevated in pancreatic, biliary,
and gastrointestinal cancers [18]. CEA is a non-specific serum marker that functions as a
prognostic factor and may monitor the therapy of many neoplasms, such as gastrointestinal
carcinomas and lung, breast, pancreatic, and colorectal cancers. The constant increase in
CEA levels is usually associated with disease progression, local or distant recurrence.

CA19-9 and CEA are the neoplastic markers assessed mainly in pancreatic cancer (they
are increased in 75-85% of pancreatic cancer). CEA sensitivity is far superior to that of
CA19-9; however, an increased concentration of CA19-9 is a poor prognostic factor [19]).

CA125 comes under the mucin family of proteins and is a serum tumor marker for
multiple cancers, such as ovarian, endometrial, pancreatic, or bladder. It is used to detect
the recurrence of the disease, the response to the treatment, and to differentiate malignant
and benign lesions [20]. Recent data showed that the serum level of CA125 also correlates
with survival in lung cancer [21]. CA125 is expressed on the cell membrane and is unable
to penetrate the blood. The membrane damage caused by a.o. inflammation may lead to
the elevation of serum CA125 levels [22].

AFP is a glycoprotein produced during embryonic development. In non-pregnant
adults, it is present in low serum concentrations, which may be increased in patients
with liver, testis, or ovarian cancer. The determination of this marker is important in
the management of patients with suspected or diagnosed cancer of the liver, testis, or
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ovary [23,24]. B2M is a small molecular weight protein ordinarily present on the surface
of all nucleated cells, and it forms the light chain in the human leukocyte antigen [25].
Membrane B2M performs multiple immune functions, while serum B2M is a marker
of disease severity in renal injury, infections, amyloidosis, aging-related diseases, and
lymphoproliferative disorders [26].

This study aimed to assess the efficacy of various circulating biomarkers in the detec-
tion of bone metastases in patients with PanNENs. The early detection of bone metastases is
crucial to prevent pathological fractures and physical disability in patients with PanNENs
and improves prognosis and quality of life. In case of elevated circulating biomarkers lev-
els, the diagnostic procedure and treatment protocol should be changed: shorter intervals
between clinical check-ups and imaging scans and more aggressive treatment at earlier
stages of the disease.

2. Materials and Methods
2.1. Study Participants

This study group comprised 115 patients with PanNEN, while the control group
consisted of 40 healthy volunteers. The mean age (and range) of the patients in this
study group was 53 (19-79), and 50 (25-78) in the control group. The controls were
healthy volunteers recruited from the hospital and outpatient clinic personnel. The main
inclusion criterion for the patient’s group was confirmed histopathological diagnosis of
PanNENSs according to the WHOs 2019 classification and the American Joint Committee
on Cancer/Union for International Cancer Control’s 2017 type and signed consent to
participate in this study. All patients with PanNEN were recruited at the Department
of Endocrinology and Neuroendocrine Tumors, Medical University of Silesia, ENETS
Neuroendocrine Tumor Center of Excellence.

Exclusion criteria for studied subjects were: age less than 18, pregnancy, renal, liver
or heart insufficiency. The local Ethics Committee approved this study. Information on
age, sex, body mass index (BMI), level of chromogranin A, 5-hydroxyindole acetic acid,
serotonin, grade, clinical stage, and bone metastasis of the patients with PanNEN was
assessed through patients” hospital records. The characteristics of the studied groups are
presented in Table 1.

Table 1. Clinical characteristics of the study participants.

Variable Category PanNEN Patients Controls
Number No. 115 40
Age (years) Mean (range) 53 (19-79) 50 (25-78)
Gend Males 49 (43%) 9 (23%)
ender Females 66 (57%) 31 (77%)
5 <30 101 (88%)
BMI (kg/m?) 30 14 (12%) N/A
NET G1 52 (45%)
NET G2 45 (39%)
Grade NET G3 3 (3%) N/A
NEC 5 (4%)
I 31 (27%)
. I 26 (23%)
Clinical stage o 14 (12%) N/A
v 44 (38%)
Yes 8 (7%)
Bone metastases No 107 (93%) N/A

Abbreviations: BMI, body mass index; N/A, not applicable; NEC, neuroendocrine carcinoma; NET, neuroen-
docrine tumors; No., number of cases; PanNEN, pancreatic neuroendocrine neoplasms.

Radiological images were reviewed by two independent operators with a huge ex-
perience with neuroendocrine neoplasm—a specialist in radiology (if using CT) or a spe-
cialist in nuclear medicine (if using PET/CT scan). For the detection of bone metastases
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in the majority of patients with PanNEN, we performed a functional examination using
[8Ga]Ga-DOTATATE PET/CT (['®F]F-FDG PET/CT. This was performed mainly for poorly
differentiated pancreatic neuroendocrine carcinoma (PanNEC).

In 8 patients with PanNEN (3 men and 5 women), bone metastases were confirmed:
using CT in 3 cases, [**Ga]Ga-DOTATATE PET/CT in 4 cases, and ['®F]FDG PET/CT in
1 case.

This study was conducted in accordance with good clinical practice guidelines and
the Declaration of Helsinki.

2.2. Circulating Biomarkers Measurement

The levels of selected biomarkers in the blood serum are described below. The pe-
ripheral blood samples (5 mL) were taken from all study participants, leaving the blood to
clot. Blood samples from PanNEN patients were taken at different disease stages: before
(2 cases) or after tumor-specific treatment (6 cases). Then, these samples were spun, and
next, serum was put into boxes and kept at —80 °C for further analysis.

Enzyme-Linked-Immunosorbent Assay (ELISA) or Enzyme-Immunoassay (EIA) was
performed with commercially available kits: ELISA kits for B2M, CY18, and ferritin, and
EIA kits for AFP, CA125, CA19-9, and CEA. All immunoassays were conducted at the
local laboratory in the Department of Endocrinology and Pathophysiology in Zabrze,
Medical University of Silesia in Katowice, adapting the manual protocols described by
the producers.

The following biomarker tests were used:

- For ferritin: FERRITIN ELISA, DiaMetra S.rl. Headquater, SEGRATE (Mi), Italy (catalog
number DKOO039); reference ranges were 20-400 ng/mL for men and 6-350 ng/mL for
women; intra-assay precision and inter-assay precision were <7.5% and <6.1%, respectively.

- For CY18: TPS ELISA, iDL Biotech AB, Bromma, Sweden (catalog number 10-212), the
measuring range was 10-1200 U/L, the normal range was <80 U/L, and the detection
limit was <6 U/L.

- For CA125: CanAg CA125 EIA, Fujirebio Diagnostics AB, Goteburg, Sweden (catalog
number 400-10), the measuring range was 1.5-500 U/mL, the reference range was
5-39 U/mL, the detection limit was <1.5 U/mL, and the intra-assay precision and
inter-assay precision were 2.9-4.4% and 3.1-4.0%, respectively.

- For AFP: CanAg AFP EIA, Fujirebio Diagnostics AB, Goteburg, Sweden (catalog
number 600-10), the measuring range was 0.5-500 ug/L, the reference range was
0.1-10 pg/L, the detection limit was <0.5 nug/L, and the intra-assay precision and
inter-assay precision were 1.6-2.0% and 1.4-2.0%, respectively.

- For CEA: CanAg CEA EIA, Fujirebio Diagnostics AB, Goteburg, Sweden (catalog
number 401-10), the measuring range was 0.25-75 ug/L. the reference range was
0.5-9.1 ug/L, the detection limit was <0.25 ug/L, and the intra-assay precision and
inter-assay precision were 2.1-2.7% and 1.5-2.7%, respectively.

- For CA19-9: CanAg CA19-9 EIA, Fujirebio Diagnostics AB, Goteburg, Sweden (cat-
alog number 120010), the measuring range was 1-240 U/mL, the reference range
was 0-25 U/mL, the detection limit of the assay was <1 U/mL, and the intra-assay
precision and inter-assay precision were 3.3-4.5% and 6.2-7.0%, respectively;

- For B2M: 3,-Microglobulin ELISA, Immunodiagnostic AG, Bensheim, Germany (cata-
log number K 6210), the reference range was <2.5 mg/L, and the detection limit of the
assay was <0.1 mg/L.

2.3. Statistical Analysis

Data were presented as the median and interquartile range. The comparison of
circulating biomarkers concentrations between study and control groups and patients with
PanNEN with and without bone metastases was performed using a nonparametric, 2-tailed
Mann-Whitney U test. To investigate the diagnostic capacity of circulating biomarkers in
detecting bone metastases, receiver operating characteristic (ROC) curves were plotted, and
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the area under the curve (AUC), sensitivity, and specificity were calculated. The correlation
coefficients between circulating biomarkers concentration, age, BMI, and Ki-67 proliferation
index were calculated using the Spearman rank correlation test. The significance threshold
in all tests was set at a value of <0.05. Statistical analysis was performed using Statistica v.
13.36.0 (StatSoft, Krakow, Poland) software.

3. Results
3.1. Patients with Pancreatic Neuroendocrine Neoplasms vs. Controls

We present the demographic and clinical characteristics of the participants recruited
for this study (PanNEN patients and controls) in Table 1. One hundred and fifteen PanNEN
patients were recruited, comprising 43% males and 57% females. In contrast to the control
subject group, where the proportion of women significantly dominated (77.5%). Most
patients (93%) were diagnosed with well-differentiated NET: fifty-two patients had NET
G1, while forty-five patients had NET G2. Only seven percent of these patients (8/115) had
bone metastases. Bone metastases were identified at different time points, but these were
always secondary metastases following liver or lymph node metastases. Comparisons of the
studied circulating biomarkers in patients with pancreatic neuroendocrine neoplasms and
controls are presented in Tables S1 and S2 in the Supplementary Materials. Serum CY18,
ferritin, CA19-9, CEA, and B2M concentrations in PanNEN patients were significantly
higher than in control individuals (p < 0.05). The highest AUROC for differentiating
PanNENSs from controls (>0.7) had CY18, CA19-9, and ferritin (p < 0.001), which indicates
they are fair biomarkers for PanNEN diagnosis. CEA and BMG could also differentiate
PanNENSs from controls (p < 0.05), but AUC < 0.6 indicates poor diagnostic markers.

The pattern of bone metastasis and clinical characteristics of the patients with pancre-
atic neuroendocrine neoplasms are shown in Table 2.

Table 2. Bone metastasis pattern and clinical characteristics of the patients with pancreatic neuroen-
docrine neoplasms.

ID Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
Sex Female Male Female Male Male Female Female Female
Age (year) 64 25 70 33 74 54 42 60
BMI (kg/mz) 23.23 21.48 20.78 19.32 29.54 17.31 19.71 27.34
Fungtional status NEF-PNEN NEF-PNEN NF-PNEN NEF-PNEN NEF-PNEN F-PNEN NEF-PNEN NEF-PNEN
Ki-67 (%) of 1 10 10 3 3 2 50 60
primary
Grade NET G1 NET G2 NET G2 NET G2 NET G1 NET G1 NEC NEC
No. of BM lesion single multiple multiple multiple single multiple single single
L . . . . . ight
Localisation right pubic vertebrae rib vertebrae . . vertebrae right hip g
of BMets bone sternum humerus vertebrae right rib sacrum bone S}iﬁg‘ﬁer
Method used for
detection 68Ga cT 68Ga cT 68Ga CcT FDG 68Ga
PET/CT PET/CT PET/CT PET/CT PET/CT
of BMets
Time point
of BMets
occurrence after 8 41 16 29 5 3 7 1
initial diagnosis
(months)
P;;li;izigc body body tail tail body tail head head
Tumor size (mm) 11 16 43 35 10 83 84 36
b SSA
revious type PRRT Surger
of treatment surgery everolimus S5A CHTH N/A N/A CHTH RTH CHTH
CHTH

Abbreviations: BMets, bone metastasis; BMI, body mass index; CHTH, chemotherapy; CT, computed tomogra-
phy; ['SF]FDG PET, 18F-fluorodeoxyglucose Positron Emission Tomography; F-PanNEN, functional pancreatic
neuroendocrine neoplasms; 68Ga PET, Gallium Positron Emission Tomography; NEC, neuroendocrine carci-
noma; NET, neuroendocrine tumors; NF-PanNEN, non-functional pancreatic neuroendocrine neoplasms; N/A,
not applicable; No., number of cases; PRRT, peptide receptor radionuclide therapy; RTH, radiotherapy; SSA,
somatostatin analogs.
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3.2. Patients with Pancreatic Neuroendocrine Neoplasm, Bone Metastases and Tumor Biomarkers

In the second part of this study, we established circulating biomarkers levels according
to the presence or absence of bone metastases (Table 2). Before circulating biomarker
measurements, all PanNEN patients displayed normal routine lab tests, including alkaline
phosphatase, ALT/AST, calcium, or phosphate levels, and neuroendocrine tumor marker
levels (chromogranin A, serotonin and 5-hydroxyindole acetic acid). The medians of
two circulating biomarkers (CY18 and CA125) in PanNEN patients with bone metastases
(n = 8) were significantly increased (p < 0.05) versus those without bone metastases (1 = 107).
The circulating CY18 level in bone metastatic patients (174.20 U/L + 121.14; 144 [79-288])
was significantly higher (p = 0.04) compared to PanNEN patients without bone metastases
(94.17 U/L + 93.58; 62 [36-120]). The serum CA125 concentration was also elevated
(p =0.01) in the first group (36.29 U/mL =+ 51.47; n = 13 [8-50]) compared to the second
group (9.65 U/mL =+ 18.16; n = 6 [3-9]) (Figure 1). The concentrations of other assessed
circulating biomarkers, including chromogranin A, serotonin, 5-hydroxyindoleacetic acid,
as well as proliferative index Ki-67 and primary tumor size, did not differ significantly
between these groups (p > 0.05) (Table 3).
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Figure 1. Serum CY18 and CA125 levels in patients with pancreatic neuroendocrine neoplasm
(PanNEN): (a) Comparison of serum CY18 between PanNEN patients with bone metastasis (BMets)
versus PanNEN without BMets (p = 0.04); (b) Comparison of serum CA125 between PanNEN with
BMets versus PanNEN without BMets (p = 0.01). Abbreviations: CY18, cytokeratin 18; CA125, cancer
antigen 125.

Table 3. The comparison between the clinical characteristics and tumor markers levels in PanNEN
patients with (BM-PanNEN patients) and without bone metastasis (non-BM-PanNEN patients)
(Mann-Whitney U Test).

Metastatic Non-Metastatic
Variabl PanNEN Patients PanNEN Patients Val
ariable (n=8) (n =107) p Value
Median [IR] Median [IR]
Age (years) 57 [38-67] 55 [42-65] NS
BMI (kg/m?) 21 [20-25] 25 [23-28] NS
CY18 (U/L) 144 [79-288] 62 [36-120] 0.04
CA125 (U/mL) 13 [8-50] 6 [3-9] 0.01
Ferritin (ng/mL) 129 [47-194] 73 [28-135] NS
CA19-9 (U/mL) 15 [4-19] 9[5-16] NS
AFP (ug/L) 3[2-12] 3[2-5] NS
CEA (ug/L) 2 [1-5] 1[1-2] NS
B2M (mg/L) 1[1-2] 1[1-2] NS
CgA (ug/L) 84 [44-678] 45 [27-98] NS
serotonin (ng/mL) 200 [169-318] 245 [146-372] NS
5-HIAA (mg/24 h) 3[3-3] 3[2-5] NS
Ki-67 (%) 7 [2-35] 3[1-5] NS
Tumor size (mm) 43 [11-83] 27 [16-47] NS

Abbreviations: ACC, accuracy; AFP, alpha-fetoprotein; B2M, beta-2 microglobulin; CA125, cancer antigen 125;
CA19-9, carbohydrate antigens 19-9; CEA, carcinoembryonic antigen; CgA, chromogranin A; CY18, cytokeratin
18; 5-HIAA, 5-hydroxyindoleacetic acid; IR, interquartile range; Ki-67, proliferation index; NS, not significant;
PanNEN, pancreatic neuroendocrine neoplasm.
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3.3. Diagnostic Accuracy of Tumor Biomarkers

We calculated the AUC and plotted ROC curves to assess the diagnostic value of circu-
lating biomarkers in bone metastases. Given these analyses, three circulating biomarkers
(CA125, CY18, and B2M) could differentiate patients with bone metastases from bone-
metastases-free subjects (p < 0.05). The accuracy of diagnosis in patients with bone metas-
tases was 75% for CA125 compared to 70% for CY18 and 53% for B2M.

3.3.1. Cancer Antigen 125 (CA125)

The median value of CA125 for the PanNEN patients at the time of bone metastatic
disease was 13 U/mL and 6 U/1 for those of the non-bone metastatic group (Table 3).

The AUC analyses could differentiate PanNEN patients with bone metastases from
PanNEN without bone metastases (p < 0.01, AUC 0.77 £ 0.09; z score: 2.87, Youden
index J: 50%). It should be noted that an AUC of 0.77 would be considered a useful
biomarker of bone metastases (Figure 2a). For the cut-off value of 8.87 U/mL for CA125,
the specificity /sensitivity was 76/75%, and the accuracy was similarly 75%.
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Figure 2. Performance of serum CA125 and CY18 for detecting PanNEN patients with bone metas-
tases (BM-PanNET patients). The receiver operating characteristic (ROC) curves and the area under
the curves (AUC) for BM-PanNEN patients versus non-BM-PanNEN patients are displayed: (a) Indi-
vidual ROC curve and AUC for serum CA125 (AUC 0.77, 95% CI 0.59-0.95. p < 0.01); (b) Individual
ROC curve and AUC for serum CY18 (AUC 0.72, 95% CI 0.53-0.91. p = 0.03); (¢) ROC curve and AUC
for serum CA125 and CY18 combination (AUC 0.78, 95% CI 0.59-0.95. p < 0.01).

3.3.2. Cytokeratin 18 (CY18)

The median value of CY18 was 144 U/L for the PanNEN patients with bone metastases
and 62 U/L for those of the non-bone metastatic group (Table 3).

AUC analysis could differentiate PanNEN with bone metastases from PanNEN with-
out bone metastases (p = 0.03, AUC 0.72 £ 0.10; z score: 2.22, Youden index J: 44%). It
should be noted that an AUC of 0.72 would be considered a fair biomarker of bone metas-
tases (Figure 2b). For the cut-off value of 98.23 U/L for CY18, the accuracy, sensitivity, and
specificity were 70%, 75%, and 69%, respectively.
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3.3.3. Combination of CY18 and CA125 (multiROC)

Next, we combined the CA125 and CY18 serum levels to construct a further ROC curve.
This demonstrated that the serum CA125 and CY18 classifiers had higher accuracy for bone
metastases with an AUC similar to CA125 of 0.78 (95% CI 0.59-0.95; Figure 2c). Thus, the
combination of CA125 and CY18 in serum was similar to individual CA125 distinguishing
between PanNEN with bone metastases and PanNEN without bone metastases (Figure 2c).
The sensitivity for the cut-off value of 0.12 was calculated as 63%, and the specificity and
accuracy were higher at 93% and 90%, respectively.

The CA125 AUC and CY18 AUC > 0.7 (black curves) indicate they are fair biomark-
ers for PanNENs with BMets. A maximum AUC = 1 identifies an ideal (perfect) dif-
ferentiation between these groups. The diagonal red line (AUC = 0.5) corresponds to
chance discrimination.

The individual CA125 AUC and combination AUC of CA125 and CY18 were greater
than 0.75, which may indicate clinically helpful biomarkers for distinguishing between
PanNEN with bone metastases and PanNEN without bone metastases.

3.3.4. Beta-2 Microglobulin (B2M)

The median values of B2M for PanNEN patients with bone metastases and those in
the non-bone metastatic group were not significantly different (p > 0.05) (Table 3).

Although AUC analyses could differentiate PanNEN with bone metastases from
PanNEN without bone metastases (p = 0.02), an AUC of 0.67 would be considered a poor
biomarker of bone metastases. Youden index ] was 50%. The sensitivity and specificity for
the cut-off value of 1.16 mg/L were calculated as 100 and 50%, respectively; the accuracy
was 53% (Table S3 in Supplementary Materials).

3.3.5. Other Tumor Markers

The median values of other tumor markers (Ferritin, A19-9, AFP, CEA, B2M) for the
PanNEN patients with bone metastases and those in the non-bone metastatic group were
also not significantly different (p > 0.05) (Table 2).

In addition, AUROC analysis of these markers could not differentiate patients with
bone metastasis from bone metastasis-free cases (Table S3 in Supplementary Materials).

3.3.6. Neuroendocrine Tumor Markers (Chromogranin A, Serotonin, and
5-Hydroxyinoleacetic Acid)

Based on the AUC and ROC curve analyses of chromogranin A, serotonin, and
5-hydroxyindole acetic acid, we may not differentiate PanNEN with bone metastases
from PanNEN without them (p > 0.05). The AUC of these tumor markers below 0.6 in-
dicates they are poor predictive markers. These data are presented in Figures S1-53 in
Supplementary Materials.

4. Discussion

The most important factor influencing NEN patients” prognosis is metastasis [3,8].
Most frequently, metastases are located in the liver but can also be found in other organs
such as the lungs, brain, or bones [4,5]. The presence of metastasis is always connected
with poor prognosis and worse outcomes. Some studies showed that patients with BMets
have shorter survival compared to patients with metastasis in other locations [4,9].

We tried to find effective biomarkers that may be useful in the detection of bone
metastases in patients with PanNEN. We analyzed potentially valuable proteins such
as ferritin, CA19-9, CA125, AFP, CEA, CK18, and B2M. We revealed that levels of three
biomarkers (CA125, CY18, and B2M) were significantly higher in patients with metastatic
bone disease than those without bone metastases.

Serum cytokeratin (CK) levels are low in healthy individuals. During the process of
carcinogenesis, which includes proteolytic degradation in dying cells, abnormal mitosis,
and apoptosis, fragments of CKs are released into the blood, and their level is raised [17,27].
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As a result, they can be useful as tumor markers and help to predict tumor progression
and metastasis formation [27]. Therefore, this study tried to find the correlation between
serum CKI18 levels and the probability of bone metastases in patients with PanNEN.
Cytokeratin 18 exhibits overexpression in many types of cancer originating from epithelial
organs [28-30]. A study by Menz A. et al. confirmed the appearance of adenocarcinomas
of the lung, pancreas, small bowel, prostate, and cervix uteri [28].

Other investigators showed a higher expression of CK18 in Paget’s tumor cells (skin
lesions and lymph node metastases). Furthermore, soluble CK18 forms were significantly
higher in patients with metastasis compared to non-metastatic disease [31,32].

On the other hand, some studies showed a negative correlation between CK18 concen-
tration and disease advancement (the lower CK18 concentrations were related to lymph
node metastasis and poor survival in patients with breast cancer) [33]. A study by Yin B.
et al. revealed a negative correlation between serum CK18 level and tumor aggressiveness
in prostate cancer [34].

To our knowledge, serum CK18 levels in PanNEN patients with bone metastases were
not studied. Our study noted a difference in CK 18 serum levels in patients with and
without bone metastases. Patients with bone metastases had a higher level of CK18, so it
seems to be clinically useful as a diagnostic factor for bone lesions.

We also tried to find a correlation between the CA125 level and the incidence of bone
metastases in patients with PanNEN. Increased CA125 levels can be connected with many
malignancies localized in the ovary, breast, liver, lung, pancreas, gastrointestinal tract,
uterine, cervix, and endometrium [35]. Its level can also be elevated in healthy individuals
such as women in the follicular phase of the menstrual cycle, during pregnancy [35], and
in non-malignant conditions such as endometriosis, ovarian cysts, pelvic inflammatory
disease, cirrhosis, hepatitis, ascites or heart failure [36-38]. CA125 has been used so far as a
marker of ovarian cancer. It has limited sensitivity in detecting ovarian cancer, but it helps
monitor response to treatment and detect residual or recurrent disease after therapy. Its
level also correlates with staging and tumor size [39-41]. Zhang M. et al. proved that CA125
is significantly elevated not only in ovarian cancer but also in lung and pancreatic cancer
and decreased in rectal cancer [42]. In the current study, the level of CA125 was significantly
higher in patients with bone metastases versus patients without bone metastatic disease.

Another correlation we observed in this research is the relation between B2M level
and the incidence of bone metastases in patients with PanNEN. B2M is involved in many
important biological processes, such as the regulation of survival, proliferation, and apop-
tosis [43,44]. It also stimulates the growth and progression of several cancers or metastasis
in cancer cells. Prizment A. et al. pointed out that higher serum B2M is associated with
increased colorectal cancer risk. The authors also suggested a significant association be-
tween serum B2M and mortality from total, lung, and hematological cancers [45]. The
elevated level of B2M is supposed to be a strong indicator of poor prognosis and reduced
survival. In prostate cancer, studies found that advanced prostate cancer is connected with
an increase in serum levels of B2M [46,47].

Our analysis also tried to find a link between serum levels of common neuroendocrine
tumor markers such as chromogranin A (CgA), serotonin, and 5-hydroxy indoleacetic acid
(5-HIAA) and bone metastases in PanNETs.

Results of a study by Tomasetti P et al. indicated the diagnostic value of plasma CgA
levels in advanced PanNETs with multiple liver metastases [48]. Another study showed
higher levels of CgA in metastatic PanNETs compared to localized disease [49]. This effect
was also observed in prostate cancer. Patients diagnosed with metastatic castration-resistant
prostatic cancer displayed 2-3 times higher levels of CgA compared to those with localized
disease [50]. Serotonin and its primary metabolite—5-HIAA is used in the diagnosing and
monitoring of carcinoid tumors, a subset of serotonin-secreting neuroendocrine tumors.
Studies have shown a potential stimulatory effect of serotonin on cancer cell proliferation,
invasion, dissemination, and tumor angiogenesis [51]. Moreover, some research reported
that serotonin exerted complex effects on cytokine release from macrophages and mono-
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cytes and hence is a crucial factor in controlling the immune microenvironment and may
promote tumorigenesis [52].

The analysis performed in this study showed that CgA, serotonin, and 5-HIAA levels
did not have the capacity to function as biomarkers for detecting bone metastasis.

Opposite these findings, in an Italian research study by Sara Massironi et al. [53],
the median CgA levels were significantly higher in GEP-NEN patients with metastases
than those without metastases. In that study, the authors enrolled a total of 181 GEP-
NEN patients, including 81 pancreatic NEN, and have shown the significant prognostic
relevance of plasma CgA. Similarly, a meta-analysis by Rossi et coauthors [54] revealed that
chromogranin A could prevent a diagnosis of recurrence/progression rather than rule it
out. It is more reliable when used to monitor disease progression and for the early detection
of recurrence after treatment rather than in the diagnostic setting.

In this study, we also tried to find a relationship between other biomarkers (ferritin,
CA 19-9, AFP, CEA) and the incidence of bone metastases in patients with PanNEN. The
differences between these groups were not statistically significant, so it is possible that
in PanNEN, these biomarkers have no utility for bone metastases detection. The useful
circulating biomarkers for patients with bone metastases detection were Ca125, CY18, and
B2M. They seem to have the diagnostic capacity as fair single biomarkers for the detection
of bone metastases. However, the given circulating biomarker measurement performances
can not be considered adequate for clinical decision-making. However, more studies on
larger groups are required because of the small proportion of patients with bone metastases.

Current research demonstrated a serum panel of biomarkers (CA125 and CY18) to
differentiate PanNEN patients with bone metastases from PanNEN patients without bone
metastases with good metrics (AUC of 0.78). Indeed, significantly elevated concentra-
tions of these biomarkers in patients with PanNEN may be useful for confirming the
clinical suspicion of bone metastases in cases of diagnostic dilemma (difficulties in CT /MRI
scan interpretation).

The use of these markers In clinical practice, in our view, could be helpful in the
interpretation of unclear bone lesions or screening for further diagnostic workup.

5. Conclusions

It is not possible to draw solid conclusions based on only eight patients with pancreatic
neuroendocrine neoplasm with bone metastases. According to current findings, CA125 and
CY18 might potentially have the diagnostic capacity as fair single biomarkers for the detec-
tion of bone metastases should become despite the small sample size. Further prospective
studies are needed in the larger patient group with pancreatic neuroendocrine neoplasm.

6. Study Limitations

First, the total sample of patients with bone metastases was relatively small because
PanNEN is rare. Thus, we could not determine a predictive and prognostic value of
circulating biomarkers for bone metastases.

Second, the majority of the PanNEN patients were treated before the first presentation
of bone metastases.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm12144687/s1, Table S1: The comparison of the tumor markers
in patients with pancreatic neuroendocrine neoplasms (PanNENs) and controls (Mann-Whitney U
Test); Table S2: The serum tumor markers assay metrics in the diagnosis of patients with pancreatic
neuroendocrine neoplasm (PanNEN); Table S3: The serum tumor markers assay metrics in the bone
metastases detection of patients with pancreatic neuroendocrine neoplasm (PanNEN); Figure S1:
The AUROC for chromogranin A (CgA) levels in patients with pancreatic neuroendocrine neoplasm
(PanNENs) with and without bone metastasis (BMets); Figure S2: The AUROC for serotonin levels in
patients with pancreatic neuroendocrine neoplasm (PanNENs) with and without bone metastasis
(BMets); Figure S3: The AUROC for 5-hydroxyindole acetic acid (5-HIAA) levels in patients with
pancreatic neuroendocrine neoplasm (PanNENSs) with and without bone metastasis (bMets).
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Abstract: Approximately 11% to 14% of subjects with neuroendocrine neoplasms (NENs) have
metastatic lesions with unknown primary origin (UPO), with the majority of UPO-NENs found in
the small bowel. Herein, we assessed the available literature on UPO-NENSs, focusing on clinical
presentation and diagnostic techniques to identify the primary site. The identification of the primary
tumor is important as it affects the prognosis; however, the clinical presentation can be non-specific in
non-functioning forms. In the presence of metastatic disease, the histological sample is fundamental
to obtain immunohistochemical markers that might orientate the clinician in the search for the
primary tumor through radiology, functional imaging and endoscopic techniques. In summary,
multidisciplinary management plays a key role in UPO-NENSs, even more than in other NENSs.
Molecular biology and gene-expression profiling represent areas of great interest which might be
developed in the near future for both the diagnosis and the treatment of these neoplasms.

Keywords: neuroendocrine neoplasms; unknown primary tumor; diagnosis; ultrasound endoscopy;
capsule endoscopy; double-balloon enteroscopy; treatment; immunohistochemistry; molecular biology

1. Introduction

Neuroendocrine neoplasms (NENs) are rare tumors that originate in diffuse neuroen-
docrine cells, potentially affecting any organ. NENs encompass a large and heterogenous
group of neoplasms characterized by different biological behavior, depending on the clinical
and histopathological features and primary site. NENs are classified into well-differentiated
G1-G3 NENs and poorly differentiated G3 neuroendocrine carcinomas (NECs), based on
their morphological features and proliferation rate. This dichotomous morphological clas-
sification reflects underlying differences in terms of genomic characteristics, clinical and
biological behavior. We define NENs of unknown primary origin (UPO-NENs) whenever
there is a histologically confirmed metastatic disease without an identifiable primary tumor.
The metastatic sites associated with UPO-NENSs are the liver, followed by the peritoneum,
the lymph nodes and, less often, the bones and the lung [1].

While many studies explore differential NEN outcomes according to their origin, only
a few studies have evaluated the outcomes of UPO-NENs. An unknown primary site
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can be considered a poor prognostic factor, especially for patients with advanced-stage
disease [2]. However, these cancers can be stratified into favorable (approximately 20%) and
poor (approximately 80%) prognostic groups, based on clinical presentation, host factors,
tumor histology, functionality, disease burden, location of metastatic sites and sensitivity
to chemoradiation treatment. Patients with UPO-NENSs have an overall survival of 6 to
9 months, although the favorable prognostic group may have a median survival of nearly
36 months [3]. Early localization of the primary tumor is of utmost importance to define the
patient’s management and prognosis [4]. As a matter of fact, prompt identification of the
primary tumor site improves the clinical outcome as, according to available evidence [5,6],
the resection of the primary tumor also improves survival in in the presence of liver metas-
tases. An Italian retrospective study [6] including 139 liver-metastatic well-differentiated
NENSs reported that primary tumor resection was an independent positive prognostic factor
in multivariate analysis; notably, also in the group of 103 patients with non-resectable liver
metastases, the resection of the primary tumor was significantly associated with prolonged
survival. In fact, limiting the disease to the liver allows several potentially curative treat-
ment options, including liver resection or liver transplant (in cases of tumors originating
from the gastro-entero-pancreatic tract). Furthermore, the resection of the primary tumor
reduces the risk of local complication, particularly in the case of small-bowel NENSs, such
as occlusion, perforation and/or bleeding [6]. Finally, surgery of the primary tumor allows
for a biological assessment of the disease and access to potential treatments which require
the primary tumor to be clearly identified.

Based on the above observations, in the current review we assessed the available
literature on UPO-NENS, focusing on clinical presentation and diagnostic techniques to
identify the primary site (radiological/metabolic imaging, endoscopic procedures and
molecular pathology), highlighting the need for prompt identification of the primary tumor
site and also providing a potential diagnostic algorithm.

2. Materials and Methods

A bibliographical search was performed in PubMed to identify guidelines and the
primary literature (retrospective and prospective studies, systematic reviews, case series)
published in the last 15 years, using both medical subject heading (MeSH) terms and
free-language keywords: neuroendocrine neoplasms; unknown primary tumor; diagnosis;
ultrasound endoscopy; capsule endoscopy; double-balloon enteroscopy; treatment; im-
munohistochemistry; molecular biology. The reference lists from the studies returned by
the electronic search were manually searched to identify further relevant reports. Articles
published as abstracts were included, whereas non-English-language papers were excluded.

3. Results

A total of 139 records were reviewed and 58 were defined as fulfilling the criteria for
final consideration. Figure 1 presents a flow chart showing the process of study selection.

3.1. Epidemiology

NENSs represent around 0.5% of all newly diagnosed neoplasms [7]. In recent decades,
the incidence of NENs has hugely increased, likely due to improvements in diagnostic
techniques and increased disease awareness [2], being approximately 5.86/100,000 per
year [8]. The most frequent primary sites are represented by the gastrointestinal / pancreatic
tract (62—-67%) and lung (22-27%). In well-differentiated tumors, the majority of metastatic
sites are found within the liver only [7].

Approximately 11% to 14% of subjects with NENs present metastatic lesions with a
UPO, being the majority of UPO-NENSs found in the small bowel [9], particularly for well-
differentiated forms, followed by the pancreas. Conversely, in poorly differentiated forms,
the primary site is generally located in the lung [10]. In 2020, Abdel-Rahman et al. [11]
conducted a real-world, population-based study to evaluate the actual incidence and
outcome of UPO-NENs. Out of a total of 51,415 recorded cases with NENSs, a total of
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3550 cases (7%) were diagnosed with UPO-NENs. The authors observed first that the
diagnosis of UPO-NENSs has increased across the past 4 decades; furthermore, they reported
that metastatic small-intestinal NENs appear to have a better prognosis when compared
with metastatic UPO-NENSs (for both carcinoid tumors and neuroendocrine carcinomas).

PRISMA 2020 flow diagram for new systematic reviews which induded searches of databases and registers only
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Figure 1. Flow chart showing the process of study selection.

3.2. Clinical Presentation

In the neuroendocrine setting, the majority of symptoms are non-specific and tend to
overlap with more common, often gastro-intestinal (GI), conditions, leading to a significant
delay in diagnosis. This assumption is particularly true for those cases in which the
primary lesion is undetectable thorough conventional imaging techniques [computed
tomography (CT) scan, magnetic resonance imaging (MRI)], and the diagnosis of NENs may
be, therefore, mistakenly shelved in favor of other endocrine or GI disorders contributing
to the aforementioned diagnostic delay.

Clinical features may be related to the tumor’s hormonal production (functioning
NEN:Ss), to the site of the primary tumor or to its metastases (mostly hepatic). Functioning
NENSs can be responsible for many renowned clinical syndromes (as depicted in Table 1),
while non-functioning forms’ presentation is often connected to their mass effect.

117



J. Clin. Med. 2023, 12, 5537

Table 1. Functioning neuroendocrine neoplasms and their associated clinical syndromes.

Whipple’s triad
e  Hypoglycemia (<50 mg/dL)

Insuli

nsuinoma e  Hypoglycemic symptoms (dizziness, sweating, confusion, increased HF)
e  Symptoms’ resolution with glucose ingestion
Zollinger Ellison Syndrome
e  Peptic ulcer disease

Gastrinoma e  Diarrhea
e  Gastro-esophageal reflux disease
e Weight loss
Verner Morrison Syndrome

Watery diarrhea
VIP- ° y
oma e Dehydration

e  Hyperkalemia
e  Diarrhea
e Glucose intolerance/diabetes

Glucagonoma e Necrolytic migratory erythema
e Weight loss and steathorrhoea
e  Anemia
e  Diarrhea

Somatostatinoma © Welght loss
e  Diabetes
e  Gallstones

Midgut/small-intestine NENs (SI-NENSs), generally represent the majority of UPO-
NENSs, which account for 12-22% of all patients diagnosed with NENs [12].

In this scenario, frequent local symptoms include: bowel obstruction or perforation
(as a matter of fact, small-bowel NENSs are often identified during emergency abdominal
surgery), obscure intestinal bleeding without any significative endoscopic finding, unex-
plained anemia from chronic blood loss or, rarely, obstructive manifestations from vascular
compression. Likewise, occult bronchial NENs can be responsible for hemoptysis, dyspnea
or recurrent infections due to bronchial obstruction.

The presence of liver metastases can be symptomatic itself by causing abdominal
pain (due to liver-capsule stretching or bleeding) or mixed hyperbilirubinemia (as a re-
sult of both obstruction and hepatic failure) up to obstructive jaundice. In addition, liver
metastases—whether detectable through conventional imaging or not [13]—can be respon-
sible for the development of carcinoid syndrome (CS), a clinical syndrome characterized by
flushing, diarrhea and bronchospasm as leading symptoms that can lead to life-threatening
complications, such as carcinoid heart disease. The prevalence of CS in patients with NENs
has grown significantly in the past decade together with the well-known increase in NENs’
incidence: a large American study showed an increase in its incidence from 11% to 19%
during the decade 2000-2011 and its association mainly to midgut NENs (40%); moreover,
the presence of CS seemed to be linked to a shorter overall survival [14]. In the setting
of UPO-NENS, CS can represent the first or the only clinical manifestation (especially if
the primary tumor has a small size), but, again, its symptoms can be mistaken for other
conditions (including anxiety, irritable bowel syndrome, menopause, allergic asthma) and
the presence of liver metastases frequently ends up being an incidental finding. It is, indeed,
a common experience that the diagnosis of NENs is generally delayed and patients with
small-bowel NENSs are often erroneously diagnosed with irritable bowel syndrome or
inflammatory bowel disease due to the non-specific clinical presentation.

3.3. Diagnostic Work-Up

Localization of midgut tumors might be challenging due to their usually small size.
Early localization of the primary site is a fundamental prerequisite for improving the
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patient’s management and prolonging survival [4], especially for patients with well-
differentiated NENS.

A continuum of investigations to identify the primary tumor is warranted. A multi-
modal imaging approach, including CT, MRI, positron emission tomography (PET) and
somatostatin receptor scintigraphy (SRS) together with endoscopy, is often necessary for
detecting the primary tumor [15,16]. In addition to conventional upper and lower GI
endoscopy, more sophisticated techniques, including CT enterography, CT angiography,
video capsule endoscopy or double-balloon enteroscopy and endoscopic ultrasonography,
may all be combined to shed light on challenging cases [16,17]. In selected cases, whenever
all the available diagnostic tools have failed, surgical exploration may be warranted. In
this setting, an open exploration is considered to be superior to laparoscopy when the
primary site cannot be identified but the data are limited [17,18]. However, despite surgical
exploration, the primary site is not found in approximately 13% of the cases [16].

The presence of a functional syndrome might be of help to identify the site of the
primary lesion in UPO-NENSs. In fact, CS is typically secondary to an NEN located in
the small bowel and, in this setting, 5-hydroxyindoleacetic acid (5-HIAA) urine levels
should be determined, being the specific biomarker for CS [19]. On the other hand, when
a functioning NEN as a gastrinoma is suspected, the primary lesion is generally small
in size, difficult to be detected and often located at an anatomic region known as the
gastrinoma triangle [20]. In the presence of paraneoplastic syndrome, including ectopic
ACTH syndrome, a primary tumor located in the lung, the thyroid (medullary carcinoma)
or associated with a gastrinoma should be suspected [21]. However, specific biomarkers
for UPO-NEN:Ss are still lacking.

In clinical practice, the first sign of a neoplastic process secondary to a UPO-NEN
is the detection of liver metastases via conventional radiology (i.e., CT scan). Additional
work-up, such as upper and lower GI endoscopy, chest CT and MRI of the abdomen,
should be required. Conventional radiology might fail to detect the primary tumor in the
pancreas or small bowel when the lesions are small or the tests are performed using a
suboptimal protocol [22].

3.3.1. Pathology

In patients with UPOs, immunohistochemical markers are useful for cell-type deter-
mination and pathologic diagnosis.

UPO-NENSs are most often well-differentiated grade 1 or 2 tumors which commonly
originate from the intestinal or pancreatic system (approximately 60-65% of cases) or
lungs (approximately 20-25%) [7,23]. Liver metastases dominate in the clinical setting, and
these lesions are usually reachable using a core-needle biopsy (CNB), as current guidelines
strongly recommend; however, occasionally, focal liver resections might be necessary to
obtain sufficient material [24]. An example from our experience is as follows: a 50-year-old
man'’s biopsy with a single liver metastasis in apparently occult primary tumor is shown
in Figure 2. The histopathological findings of the specimen revealed a well-differentiated
neoplasm with a predominantly nested architecture on routine hematoxylin—eosin stain
(A), monotonous small-sized cells with round nuclei, finely stippled chromatin and heavy
eosinophilic cytoplasmic granularity diagnostic of an enterochromaffin-cell (EC) tumor;
100% of the neoplastic cells showed a strong cytoplasmatic immunoreactivity for general
neuroendocrine markers such as Chromogranin-A (B) and Synaptophisin as well as for
small intestine site-specific immunohistochemical markers such as CDX2 (C) and serotonin
(D); tumors with this morphology and immunohistochemical profile typically arise in the
ileum (metastatic small-intestine well-differentiated NEN, SFWDNEN).
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Figure 2. Histological and immunohistochemical attributes of a metastatic small-intestinal NET
(SI-NET). (A), Characteristic organoid or nested architectural pattern of well-differentiated neuroen-
docrine tumor. Immunohistochemical expression was noted for Chromogranin (A,B), CDX2 (C)
and Serotonin (D).

In summary, morphological, immunohistochemical and molecular analyses are equally
essential in the assessment of NENs. NENs may exhibit variable growth patterns and cellu-
lar characteristics easily identifiable on routine hematoxylin—eosin staining alone [25,26].
For instance, while metastatic NENs with a primary tumor located in the stomach and duo-
denum may demonstrate a glandular-like pattern, and SI-NENs often exhibit an organoid
or nested growth pattern; in contrast, pancreatic and rectal NENs may present with a
ribbon-like or trabecular architecture (Figure 3). To identify the actual origin of a UPO-
NEN, a wide variety of immunohistochemical markers may be assessed. These include
classic markers such as Chromogranin A (CgA) and Synaptophysin (SYP) or INSM1 [27]
to confirm the neuroendocrine differentiation [28,29]. CDX2 is a transcription factor, a
useful marker of intestinal NENs and, because of its association with GI differentiation, it
is also found in gastrin-positive pancreatic NENs and colorectal adenocarcinoma [30,31].
In the setting of WDNENSs, Thyroid Transcription Factor1 (TTF1) positivity may suggest a
bronchial primary in 43% of the cases. However, it is not specific in poorly differentiated
lung neuroendocrine carcinomas (PDNECs), as it is also present in 50% of small-cell tumors
at other sites [30,32,33]. Islet-1 (ISL1) can be used as a marker for pancreatic origin [34,35].
Serotonin, associated with CDX2 and SATB2, has utility in identifying EC tumors orig-
inating in the ileum or appendix [36,37]. Colorectal NENs may present with positive
staining for glucagon-like peptide 1, CDX2 and SATB2 [35,38]. Pheochromocytomas and
abdominal paragangliomas stain positive for neuroendocrine markers CgA, SYP, ISL1,
INSM1 and, often, GATAS3; subsets of cases may display an intricate network of supporting
sustentacular cells which are highlighted by an S100 or SOX10 stain [39]. Paranuclear
dot-like staining for CgA, CK20 and Neurofilament (NF), and polyomavirus stain, may also
help in the identification of neuroendocrine skin lesions such as Merkel cell carcinomas
(MCCs) [40,41]. Therefore, to successfully identify UPO-NENSs, a combined assessment
using clues from clinical history, radiology, morphology and immunohistochemistry is
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recommended, rather than blind trust in a single marker [12,42]. The interaction between
physicians and pathologists is, therefore, fundamental.

ﬁ:u,,

Figure 3. (A), Characteristic ribbon-like architectural pattern of pancreatic well-differentiated neu-
roendocrine tumor with site-specific ISLET-1 immunostaining positivity outline pancreatic landscape
(B); in contrast, intestinal NENs usually present an organoid morphological pattern (C) with im-
munoreactivity for site-specific marker CDX2 in an intestinal landscape (D).

3.3.2. Functional Imaging

Somatostatin receptor scintigraphy (SRS) has been extensively used for the initial
staging of disease and to evaluate somatostatin receptor (SSTRs) status; furthermore, it
has been explored to detect occult primary sites in patients with metastatic gastro-entero-
pancreatic (GEP) NENs with a detection rate of 39%. However, 68GaDOTANOC positron
emission tomography (PET)/CT has proved to be more accurate and generally represents
the functional imaging of choice, being able to also detect very small lesions [43]. According
to previous experiences, Ga-68-DOTANOC PET/CT helped in the detection of undiagnosed
primary sites in patients with metastatic NENs in a percentage ranging from 45.5% [44] to
59% of the patients [45,46].

A recent meta-analysis [47], including 10 studies of a total of 484 patients with UPO-
NENS, demonstrated the high diagnostic sensitivity of 68Ga-DOTA-SSTR for UPO-NENSs.
68Ga-DOTA-SSTR PET/CT was highly effective in locating the primary and metastatic
sites of UPO-NENSs, with a pooled detection rate of 61%.

Fluorodeoxyglucose PET may be employed for the detection of occult primary sites in
case of high-grade histology (G3 NEN), whereas F-DOPA and MIBG imaging may be em-
ployed in selected cases, especially when paraganglioma/pheochromocytoma are suspected.
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3.3.3. Capsule Endoscopy (CE) and Double-Balloon Enteroscopy (DBE)

SI-NENs have always been considered difficult to diagnose in view of their non-
specific presentation and poor accessibility of the distal small bowel [48].

Conventional radiology (with or without enteroclysis) is often not accurate enough in
the detection of SI-NENSs [45], whilst PET/CT with 68Ga-DOTA peptides, despite being
the most accurate modality in the detection of well-differentiated NENs, does not allow to
obtain a histological diagnosis and might be unable to differentiate between intestinal and
mesenteric localization [49].

Capsule endoscopy (CE) and double-balloon enteroscopy (DBE) have significantly
improved the diagnosis of SI-NENSs, although their use is still limited in routine clinical
practice and data on their actual safety and efficacy in the neuroendocrine setting are
scant [50]. In a retrospective study [51], in 11 patients with UPO-NEN, CE identified lesions
suggestive of small-bowel primary in 8/10 patients in whom it was successful, and all
these tumors were histologically confirmed. Conversely, in a recent prospective study by
Furnari et al. [52], in 24 patients with a histological diagnosis of metastatic NEN of UPO,
the diagnostic yield of CE was compared with the surgical exploration. CE identified a
primary SI-NEN in eleven subjects, but the final diagnosis of SI-NEN was confirmed only
in five cases after surgical exploration. It is likely that the high number of false-positive
results might have been the consequence of confounding factors, including small-bowel
contractions, extrinsic compression and lymph stasis.

DBE is more invasive when compared with CE, but allows to determine the precise
location as well as the actual number of tumors, and, more importantly, to obtain biopsies
for obtaining a pathological diagnosis. In a study involving 12 patients with suspected
SI-NEN or with liver NEN metastases, who underwent DBE, a diagnostic yield of DBE for
primary tumor of 33% was reported [53]. In five patients with metastatic midgut NENs
who underwent DBE, a NEN of the ileum was detected and histologically confirmed in four
out of the five patients, whereas conventional radiological imaging did not visualize any of
the primary tumors [54]. In a recent prospective study [55], sensitivity and specificity for
DBE in detecting SI-NEN were reported to be of 60% and 100%, respectively. According to
the available data, DBE should be the technique of choice in the pre-surgical setting given
the high specificity, also considering that it allows one to obtain a histological diagnosis.
However, further studies are warranted to clarify the actual role of CE and DBE in the
diagnostic algorithm of UPO-NENSs.

3.3.4. Ultrasound Endoscopy (EUS)

Ultrasound endoscopy (EUS) represents the diagnostic gold standard for pancreatic
NENSs with an up-to-94% sensitivity [56] and is the technique of choice for the locoregional
staging of gastric, duodenal and rectal NENs. Notably, EUS sensitivity in detecting pancre-
atic NENs is higher than the CT scan or MRI pancreatic lesion detection rate [57]. According
to a recent systematic review and meta-analysis, the adjusted incremental benefit of pre-
operative EUS for the detection of suspected pancreatic NENs after other investigative
modalities had failed was 26% and EUS allowed for the identification of pancreatic NENs
in 97% of the cases [58].

A possible diagnostic algorithm for the detection of NENs of UPO is proposed in Figure 4.
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Figure 4. A possible diagnostic algorithm for the detection of neuroendocrine neoplasms of un-
known origin.

4. Discussion

UPO-NENS constitute 11% to 14% of all GEP-NENSs, representing a challenging entity
for both diagnosis and treatment. Early-identification of the primary tumor is necessary
to define a patient’s management and prognosis [4], taking into account that the resection
of the primary tumor even in a metastatic disease is generally correlated with a better
survival [6]. This is particularly true for SI-NEN, as the resection of the primary tumor also
reduces the risk of complications (i.e., intestinal sub-occlusion/occlusion, abdominal pain
due to mesenteric fibrosis), taking into account that this kind of surgery is characterized
by low morbidity and mortality. On the other hand, there are fewer clear-cut indications
whenever the primary tumor is located in the pancreas and the patient is metastatic,
considering the major complications that may follow pancreatic surgery.

The majority of UPO-NENS are found in the small bowel [9,10]. However, localization
of midgut tumors might be challenging due to their usually small size and the impaired
accessibility of the small bowel to standard endoscopic techniques [48]. The clinical pre-
sentation is often non-specific and not particularly useful for diagnosis; however, in the
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case of functioning tumors, the presence of CS, also diagnosed through elevated levels of
SHIAA, or the presence of symptoms typical of pancreatic/duodenal functioning NENs
(see Table 1) might be of help in identifying the site of the primary tumor. In the diagnostic
and staging phase, 68GaPET is fundamental. This is particularly true for asymptomatic
UPO-NENs and/or whenever pathology is not helpful, also considering its high diagnostic
accuracy in the detection of very small lesions [43] and the ability to detect undiagnosed
primary sites in patients with metastatic NENs in up to 59% of cases [45,46]. In this sce-
nario, a multimodal approach including conventional radiology and more sophisticated
techniques such as CT enterography and CT angiography, nuclear medicine and endoscopy
is necessary.

In the specific setting of UPO-NENS, the role of pathology is essential to provide
useful information which can orientate clinicians in the search for the primary site. In this
context, a wide variety of immunohistochemical markers may be assessed, as previously
described. From a practical point of view, if CDX2 is expressed, an intestinal origin is more
likely [30], suggesting the need for endoscopic procedures including VCE and DBE in order
to find the primary tumor, the latter also allowing to achieve histological confirmation.
Whenever Islet-1 (ISL1) is expressed, a pancreatic origin is suggested [34] and, in this
case, EUS should be the diagnostic tool of choice, being the gold standard for pancreatic
NENSs with an up-to-94% sensitivity [56]. Finally, a lymph node or liver metastasis with
Thyroid Transcription Factor1 (TTF1) positivity may suggest a bronchial primary in 43%
of the cases; however, the role of immunohistochemical markers could be less accurate in
poorly differentiated tumors [30,32]. It is, indeed, clear that the proper interaction between
clinicians and pathologists is fundamental for the management of these tumors.

As a future perspective, molecular biology and gene-expression profiling represent a
promising and growing area in order to obtain a subtype-specific NEN molecular-landscape
characterization, that, together with clinical and pathological data, may help to determine
tumor origin in UPO-NENs and, even more importantly, might allow one to identify
molecular treatment targets.

5. Conclusions

In summary, the management of UPO-NENSs is challenging, taking into account that
therapeutic options are limited. Multidisciplinary management in the diagnostic setting,
including a strict cooperation between clinicians and pathologists, plays a key role in
this setting, even more than in other NENs. The identification of the primary tumor is
warranted, particularly in well-differentiated forms, in order to improve survival and allow
access to adequate treatment options. As a matter of fact, once the primary tumor has been
removed, generally limiting the disease to the liver, viable curative strategies are available,
including liver resection and, in highly selected cases, liver transplantation. Furthermore,
some treatment options including targeted therapies and radiopeptide treatment may be
limited by registrative boundaries in UPO-NENSs. Further studies, possibly prospective
and randomized, are needed to improve the management of these tumors, with a specific
focus on molecular biology and gene-expression profiling, which might be of great help for
both the diagnosis and the treatment of these neoplasms.
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Abstract: A pancreatic neuroendocrine tumor (Pan-NET) is a rare neoplasm originating in the
neuroendocrine system. Carcinoid syndrome occurs in approximately 19% of patients with functional
Pan-NETs, typically when liver metastases occur. In this paper, we describe the case of a patient
with a low-grade non-functional Pan-NET, but with a typical clinical presentation of carcinoid
syndrome. An 81-year-old male was admitted to our Department of Internal Medicine at Cannizzaro
Hospital (Catania, Italy) because of the onset of abdominal pain with nausea, loose stools, and
episodic flushing. Firstly, an abdominal contrast-enhanced CT scan showed a small pancreatic hyper-
vascular mass; then, a gallium-68 DOTATOC integrated PET/CT revealed an elevated expression
of SSTR receptors. Serum chromogranin A and urinary 5-HIAA measurements were negative. We
performed an endoscopic ultrasonography (EUS) by a fine-needle biopsy (EUS-FNB), allowing the
immunostaining of a small mass (0.8 cm) and the diagnosis of a low-grade (G1) non-functional
Pan-NET (NF-Pan-NET). Surgery was waived, while a follow-up strategy was chosen. The early
recognition of Pan-NETs, although rare, is necessary to improve the patient’s survival. Although
helpful to allow for immunostaining, EUS-FNB needs to be warranted in future studies comparing
EUS-FNB to EUS-FNA (fine-needle aspiration), which is, to date, reported as the tool of choice to
diagnose Pan-NETs.

Keywords: neuroendocrine tumors (NETs); pancreatic neuroendocrine tumors (Pan-NETs); endo-
scopic ultrasonography; EUS-FNA; EUS-FNB

1. Introduction

Neuroendocrine neoplasms (NENs) are enigmatic malignancies with an increasing
incidence and prevalence [1-4]. Given their common morphological and immunopheno-
typical features, all these tumors arise from cells of the diffuse endocrine system.

NENS range from asymptomatic well-differentiated neuroendocrine tumors (NETs) to
aggressive neuroendocrine carcinomas (NECs). In fact, nearly 80-90% of NENs are NETs,
while the remaining 10-20% are carcinomas [5].

NETs can develop in any tissue of the body. The gastrointestinal tract and pancreas are
the most common sites of origin, accounting for approximately 60% of the primary sites [6],
followed by the lungs and other sites.

About 40% of NETs can release hormones responsible for symptoms, depending on the
secreted hormone. Carcinoid syndrome is characterized by episodic flushing and diarrhea,
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due to various vasoactive substances (serotonin, histamine, and other amines) released into
the systemic circulation [7].

Non-functional NETs may often present with subtle and sporadic symptoms, some-
times with gastrointestinal bleeding, abdominal pain, bowel obstruction, or unexplained
weight loss [8].

Treatment and prognosis depend on the grade and stage of the tumor. NETs diagnosis
is frequently late, along with symptoms related to hormone hypersecretion, often after
metastases occurs in the liver, where bioactive substances fail to be inactivated. An early
diagnosis and recognition are necessary to improve the patient’s survival, which has not
significantly changed over the last 30 years [9].

In this paper, we present a case of a pauci-symptomatic pancreatic neuroendocrine
tumor in a patient with an unspecific clinical presentation (abdominal pain) and mild
additional symptoms (nausea and loose stools). This was the occasion for a narrative
review of the literature on the diagnosis and management of pancreatic neuroendocrine
tumors (Pan-NETs).

2. Case-Report

In May 2023, an 81-year-old man was admitted to the Department of Internal Medicine
at Cannizzaro Hospital (Catania, Italy) because of the onset of abdominal pain, especially
in the lower abdominal quadrants, with nausea and loose stools (<3 times/day).

The patient’s past medical history included arterial hypertension, type-2 diabetes mel-
litus, peripheral artery disease (PAD), obesity, hypothyroidism, and depressive syndrome.
In the past six months, he complained of abdominal distension and changes in bowel habits
(loose stools). There was no relevant family history. He was taking levothyroxine, insulin ac-
cording to HGT, lansoprazole, acarbose, ezetimibe /simvastatin, and furosemide. He denied
the anamnestic consumption of uncooked meat, fish, or unpasteurized dairy products.

On admission, he had no fever, arterial hypertension (177/76 mmHg), had a normal
heart rate (86 bpm), glycemia of 102 mg/dL, and normal SaO, in room air (98%); he
presented no sensorium alterations. A physical examination revealed abdominal distension,
with colic pain on deep palpation and hypoactive abdomen sounds. Mucous membranes
were normally hydrated. The bedside FAST (Focused Assessment with Sonography in
Trauma) scan did not detect peritoneal fluid. The digital rectal examination showed
blood traces.

Laboratory tests were performed, showing an increase in serum CRP (17.9 mg/dL), mod-
erate leukocytosis, moderate renal dysfunction (serum Cr: 1.33 mg/dL, eGFR: 54 mL/min/
1.73 m?), normal serum potassium (3.6 mEq/L), sodium (139 mEq/L) and chloride (100 mEq/L),
mild metabolic acidosis (pH: 7.33, HCO3: 21 mmol/L, pCO,: 42 mmHg), and serum procal-
citonin < 0.2 ng/mL. Infectious causes of diarrhea were excluded by microbiological and
chemical fecal examinations. An abdomen X-ray excluded bowel obstruction or perforation.
Moderate intravenous fluid repletion was administered.

A few hours after admission, the patient experienced transient states of agitation,
with uncontrolled crying spells and temper tantrums. Due to his past medical history of
untreated depression, anxiolytic and antipsychotic therapies were prescribed, followed by
poor efficacy. During this altered emotional status, a flushing episode was observed in the
face and neck.

A contrast-enhanced abdominal CT scan revealed a pancreatic hypervascular small
mass (8 mm) (Figure 1).
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Figure 1. Contrast-enhanced abdominal CT scan: axial section showing a homogeneous and hyper-
vascular mass of 8 mm (red arrow) on the arterial phase.

On the fifth day of admission, given the suspicion of a pancreatic neuroendocrine
tumor (Pan-NET), a gallium-68 DOTATOC integrated PET/CT was performed (Figure 2),
confirming a small mass between the head and body of the pancreas, with an elevated
expression of SSTR2/5 somatostatin receptors. No other sites of disease were detected.

Figure 2. 08Ga-DOTA-TOC integrated PET/CT scans, transaxial (A) and MIP (B), show focal and
intense uptake in the primary pancreatic lesion (red arrows), with an elevated expression of SSTR2/5
somatostatin receptors.

The serum chromogranin A (CgA) measurement was within the normal range (98.0 ng/mL,
normal values < 101.9 ng/mL); we also performed a urine 5-HIAA test (urinary 5-HIAA:
1.6 mg/24 h; normal values: 1.0-8.2 mg/24 h).

A progressive recovery was observed, with no further abdominal pain. In accordance
with the remission of symptoms and the normal laboratory values, the patient was dis-
charged with the prescription to undergo an endoscopic ultrasonography with a fine-needle
biopsy (EUS-FNB) for targeted diagnostic and therapeutic management.
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In June 2023, an EUS-FNB, performed with a 22-gauge Acquire needle (Boston Scien-
tific, Marlborough, MA, USA) using a slow-pull technique, visualized the presence of an
oval hypo-echogenic mass, with a major axis of 8.9 mm (Figure 3), which was sampled for

the cyto-histological examination.
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Figure 3. Endoscopic ultrasound (EUS) image (red arrow) of a small hypo-echogenic lesion with a
regular margin and a major axis of 8.9 mm.

Histological and immunohistochemical examinations confirmed the suspicion of Pan-
NET (stage WHO G1, well-differentiated, synaptophysin positive, CgA positive, Ki67
1%) (Figure 4). The fine-needle biopsy allowed us to obtain microcores of the sample
tissue (Figure 4A). Then, using a pipette, the microcores were picked up to be treated as
a traditional biopsy. The microcores were composed of abundant blood and entrapped
epithelial elements of pancreatic tissue (Figure 4B). A monomorphic population of epithelial
cells, in solid sheets or small nodules, with a granular cytoplasm and nuclei with thickened
chromatin was also observed (Figure 4C). Immunochemistry, performed with a Bond-Leica
immunostainer, revealed positivity for neuroendocrine markers, such as chromogranin A
(Figure 4D) and synaptophysin (Figure 4E), while that of serotonin was negative (Figure 4F).
The absence of mitosis and necrosis, together with a low Ki-67 index (Figure 4G), allowed
us to determine a low-grade neuroendocrine neoplasm.

In keeping with the current guidelines, these findings suggest the diagnosis of a
low-grade (G1) non-functional pancreatic neuroendocrine tumor (NF-Pan-NET) (well-
differentiated neoplasm, absence of mythosis, Ki67 < 2%) [10]. This definition of “non-
functional”, based only on negative hormone tests, was finalized to a categorical distinction
between “secreting” and “non-secreting” tumors, although it underestimated the impor-
tance of the clinical presentation.
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Figure 4. (A) Microcores of sample tissue. (B) Abundant blood and entrapped epithelial elements of
pancreatic tissue stained with Hematoxylin—Eosin. (C) Epithelial cells, with a granular cytoplasm
and nuclei with thickened chromatin (Hematoxylin—Eosin staining). (D) Chromogranin A (5H7
clone, immunohistochemical staining). (E) Synaptophysin (27G12 clone, immunohistochemical
staining). (F) Serotonin (YC5/45 clone, immunohistochemical staining). (G) Ki67 (MM1 clone,
immunohistochemical staining).

After the evaluations of the stage, grading, symptoms, and comorbidities, a conserva-
tive approach of watchful waiting was chosen by the surgeon, with a radiological follow-up
session after one year. We scheduled a clinical follow-up session in order to keep the
symptoms under observation.

3. Review of the Literature

Neuroendocrine neoplasms (NENSs) are heterogenous neoplasms arising in the secre-
tory cells of the diffuse neuroendocrine system, the so-called APUD (Amine Precursor
Uptake and Decarboxylation) System [4]. Characterized by amine and neuropeptide hor-
mone production with dense vesicles, these neuroendocrine cells are specialized to receive
neuronal inputs and consequentially release message peptides into circulation for the
regulation and modulation of cell proliferation, growth, and development. NENs are dis-
tinguished from pheochromocytomas and paragangliomas (neuroendocrine non-epithelial
neoplasms) by the expression of keratin in the former ones, given their epithelial origin [11].

Neuroendocrine tumors (NETs) represent only 0.5% of all malignant conditions and
2% of all malignant tumors in the gastrointestinal tract [12]. Given the continued update
in the classification of NENs, these epidemiological data are continuously evolving. The
prevalence of NETs ranges between 2.5 and 8.35 cases per 10,000, with a recent increase
in their incidence rates [1-4,13-16], probably due to imaging improvement, leading to an
earlier and more frequent diagnosis of the disease [6].

In the 2019 WHO classification of tumors of the digestive system [17], NENs are di-
vided into well-differentiated neuroendocrine tumors (NETs) and poorly differentiated neu-
roendocrine carcinomas (NECs), based on their molecular differences. In addition, “mixed
neuroendocrine-non-neuroendocrine neoplasms” (MiNENSs) are better characterized, ac-
cording to the simultaneous presence of both neuroendocrine and non-neuroendocrine
components, typically poorly differentiated (Table 1).

133



J. Clin. Med. 2023, 12, 6617

Table 1. WHO classification (2019) and grading criteria for gastroenteropancreatic neuroendocrine
neoplasms (GEP-NENSs) [17].

Mitotic Rate

Differentiation Grade (Mitoses/2 mm?) Ki-67 Index
NET, G1 Low <2 <3%
NET, G2 Well differentiated Intermediate 2-20 3-20%
NET, G3 High >20 >20%
NEC, small-cell type >20 >20%
NEC, large-cell type Poorly differentiated High 20 ~20%
MiIiNEN Well or poorly differentiated Variable Variable Variable

The most frequent primary sites are the gastrointestinal tract (61%), lung (25%), and
about 14% remains of an unknown origin [18]. A total of 12 to 22% of patients are metastatic
at presentation [6].

Recently, abdominal pain was reported as an unspecific symptom of a small bowel
NET [19]. Our case report resembled that very recently described by Daraghmeh et al. [19];
although, in our patient, we found a Pan-NET.

The 2019 WHO classification [17] provided an improved system for determining
prognoses and treatments, appliable to all NENSs, replacing the previous classification
based on cell embryologic origin (foregut, midgut, and hindgut) [20]. In contrast to the
2017 WHO classification of tumors of endocrine organs [21], the last classification included
pancreatic tumors in gastroenteropancreatic NENs (GEP-NENSs) [17].

Gastroenteropancreatic tumors (GEP-NETs) are most commonly located in the gastric
mucosa, the small intestine, the rectum, and the pancreas [4,22]. While a subset of NENs is
functional (40%), presenting with characteristic endocrine-related symptoms, most of them
are non-functional and do not present with symptoms until later stages.

The distant metastases of NF-PNETs are often found at the time of diagnosis, because
symptoms of NF-PNETs develop in an advanced stage. Due to these characteristics, NF-
PNETs are usually incidentally diagnosed, like GEP-NETS, thanks to the development of
imaging techniques, able to also identify very small lesions. In our patient, the presence
of flushing, diarrhea, and neuropsychiatric symptoms, suggesting carcinoid syndrome,
was unrelated to a biochemical elevation of hormonal levels. As a matter of fact, small
PNETs without metastases can often remain asymptomatic until they reach a significant
dimension, or can present with unspecific symptoms, such as abdominal pain, weight loss,
anorexia, and nausea.

Up to 90% of Pan-NETs are hormonally silent, a behavior affecting the prognosis as
compared to functioning neoplasms, probably because of a late diagnosis [23].

Pan-NETs may produce a large variety of hormones, such as insulin, gastrin, glucagon,
vasoactive intestinal peptide (VIP), serotonin, somatostatin, and others [24]. By con-
trast, non-functional Pan-NETs, without hormone overproduction, may present with un-
specific symptoms, such as abdominal pain, weight loss, diarrhea, and gastrointestinal
bleeding [8,25]. Most Pan-NENSs are sporadic, whereas a minority are inherited, associated
with type-1 multiple endocrine neoplasia (MEN-1), von Hippel-Lindau syndrome (VHL),
tuberous sclerosis, or neurofibromatosis.

Functional pancreatic neuroendocrine tumors, associated with a variety of clinical
syndromes, include [26] insulinomas, the most common functional Pan-NETs; gastrino-
mas, or Zollinger—Ellison syndrome; pancreatic polypeptide-secreting tumors; VIPomas,
or Verner-Morrison syndrome; glucagonomas, exclusively localized in pancreas; and
somatostatinomas, the least common NETs.

Carcinoid syndrome is a paraneoplastic syndrome that occurs because of the release
of bio-active substances, predominantly serotonin (5-HT), but also histamine, bradykinin,
prostaglandins E and F, and tachykinins [27]. The typical symptoms are flushing and
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diarrhea. Wheezing, palpitations, breathlessness, abdominal pain, telangiectasias, and
neuropsychiatric symptoms can also be associated with carcinoid syndrome [27,28]. Re-
cently, Halperin et al. [29] demonstrated in a population-based analysis conducted on the
American “Surveillance, Epidemiology, and End Results Medicare” database that 19% of
patients with NETs had carcinoid syndrome. In patients harboring Pan-NETs, carcinoid
syndrome is even more rare, accounting for approximately 1% [13].

The diagnosis of GEP-NENSs is performed on the basis of a tissue histological exam-
ination [30]. Radiological and functional imaging is used to evaluate disease extension
(staging) and assess the response to therapy, as well as to localize the primary site. Lab-
oratory tests play a diagnostic role only in carcinoid syndrome and hormone-specific
syndromes (gastrinomas, insulinomas, and glucagonomas), although the assay of either
circulating or urinary hormones fail to be highly sensitive and specific, sometimes because
blood sampling and urine collection are not performed closely to the occurrence of typical
symptoms.

The current WHO classification emphasizes the role of histological examinations in
surgically removed neoplasms, in order to establish the morphological characteristics and
grading [17]. Three grades (G1, G2, and G3) are described for GEP-NETs, based on the
proliferation activity assessed by the mitotic rate and Ki67 proliferation index [31,32]. For
a more specific diagnosis, together with the morphology and grading, the immunohis-
tochemical staining of chromogranin A (CgA) and synaptophysin should be assessed as
biomarkers of neuroendocrine tumors.

Although the WHO histological classifications are specifically intended for surgically
removed NENs [10,17], recent studies have investigated the role of endoscopic ultrasound-
guided fine-needle aspiration (EUS-FNA) and fine-needle biopsy (EUS-ENB) for the pre-
operative evaluation and management of pancreatic NETs (Pan-NETs) [33—42]. Despite the
data for the grading agreement between EUS-FNA and surgical specimens highlighting the
significant rate of under- or over-grading [41-47], the recent introduction of needles for EUS-
guided fine-needle biopsies (EUS-FNBs), as for our patient, changed the scenario [37,38].
An EUS-FNB, in fact, allows us to obtain tissue samples on which immunohistochemical
examinations can be easily performed, to evaluate the Ki67 proliferation index [39-45]. As a
matter of fact, in patients harboring Pan-NETs smaller than 2 ¢cm, the management remains
still controversial, especially for asymptomatic and non-functional Pan-NETs [46-49]. En-
doscopy with a biopsy is already the gold standard for diagnosing NENSs of the stomach,
duodenum, and colorectum [50,51]. In the diagnosis of pancreatic NENs, EUS is partic-
ularly useful in detecting the nature of small lesions. The introduction of EUS-FNB can
then overcome the interpretative limits of EUS-FNA, therefore allowing the early character-
ization of tumors where surgery would destroy healthy tissue [39,40]. However, further
prospective, randomized studies are needed to validate these approaches in the specific
setting of Pan-NETs [30,52].

The surgical treatment of patients with small low-grade non-functional pancreatic
neuroendocrine tumors (<20 mm) is still under debate, according to the ENETS guide-
lines. In this respect, Sugawara et al. [53], in a recent metanalysis, demonstrated that a
surgical resection was recommended in patients with nonmetastatic NF-PNETs measuring
between 1.1 and 2.0 cm; alternatively, those patients with a smaller lesion (<1 cm) showed
greater prognostic benefits with a conservative approach. JNETS [54] suggests a follow-up
strategy, with imaging every 6-12 months of asymptomatic tumors <1 cm without metas-
tases. Moreover, Sadot et al. [55] further reported that, among 104 patients with small,
asymptomatic Pan-NETs undergoing non-operative management, no patient developed
evidence of metastases or died because of the tumor after a median follow up of 44 months.
Several studies suggested that a surgical intervention may not be warranted for very small
Pan-NETs, especially in elderly individuals [56-58]. It is noteworthy however that all these
data were obtained from a population much younger (median age: 60-65 years) than our
patient (81 years old).
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Paik et al. [59] suggested that patients with Pan-NETs smaller than 1 cm could be
managed by observation alone, while Pan-NETs > 1 cm should undergo EUS-FNBs to
obtain grading and Ki67 immunostaining, to characterize the tumor according to the WHO
classification.

To investigate Pan-NETs, several imaging techniques can be performed, including
computed tomography (CT), magnetic resonance (MRI), ultrasonography, and functional
imaging with scintigraphy and positron emission tomography (PET). The optimal choice
of imaging modality depends on the location of primary and metastatic lesions [60].

Endoscopic ultrasonography (EUS) has become the gold standard technique to evalu-
ate pancreatic neuroendocrine lesions [4,30,61,62]. On an EUS, Pan-NETs typically appear
as well-defined, round, hypoechoic, homogenous vascular lesions [63]. As in our case
report, the EUS allowed the accurate localization of Pan-NETs, which was crucial for
surgical interventions. As mentioned before, the EUS allows the cyto-histological con-
firmation of neuroendocrine tumors through guided tissue acquisition for histological
procedures [33-42].

The functional imaging of GEP-NENSs is based on the typical expression of somato-
statin receptors (SSTRs) by neuroendocrine cells [64]. In the past, functional studies
were performed with "'indium pentetreotide scintigraphy (Octreoscan®); in recent years,
PET/CT with somatostatin analogs tracked with gallium-68 (68Ga—SSA PET/CT) has
become the modality of choice for SSTR imaging [10,65,66]. Functional imaging is in-
dicated for staging, the localization of the unknown primary tumor in patients with
established neuroendocrine metastases, the in vivo demonstration of SSTR expression
in neuroendocrine cells (for therapeutic planning), as well as the extent of disease after
treatment. The most common somatostatin analogs used in clinical practice are ¥Ga-DOTA-
Tyr3-octreotide (®*Ga-DOTA-TOC), 8Ga-DOTA-Tyr3-octreotate (**Ga-DOTA-TATE), and
%8Ga-DOTA-Nal3-octreotide (**Ga-DOTA-NOC). The mean sensitivity of Ga-DOTA-SSA
PET/CT for the diagnosis of Pan-NETs was 92%, while the specificity was 83% [67,68]. In
advanced, fast-growing G2 and G3 NENS, especially if receptor negativity was evident at
68Ga-SSA PET/CT, 18FDG-PET/CT could be considered in the diagnostic approach [69,70].
The detection of Pan-NETs with functional imaging can be affected by the physiological
uptake, especially in the uncinate process, therefore suggesting morphological imaging
together with histological confirmation as a specific diagnostic process [71]. However, it still
remains under debate whether the combined use of 18 FDG-PET/CT and the ®3Ga-DOTA-
TOC peptide can improve the diagnostic performance of NENs [70]. Of note, a recent
retrospective study [72] confirmed the suggestion of the combined use of 68Ga-DOTA
peptides and 18F-FDG as radiotracers for a dual-tracer PET/CT to better evaluate tumor
aggressiveness before surgery, especially for small masses of doubtful interpretation, when
a metabolic confirmation of biopsy grading is needed [73].

At present, the biochemical diagnosis of NENs has been downsized due to the high
proportion of non-functioning NENs. Considering the high rates of false-positive and
heterogeneous serum determinations, chromogranin A (CgA) should be used in patients
with an already documented diagnosis of NEN, in order to establish the treatment response
or during the follow up [74,75]; although, the results are less sensitive for the primary
diagnosis. On the other hand, neuron-specific enolase (NSE) is considered an unreliable
diagnostic biomarker for NETs, due to its low sensitivity and specificity, while no evidence
is available regarding its role in the follow up [76].

Laboratory tests for specific biomarkers (gastrin, insulin, glucagon, VIP, and 5-HIAA)
are still important tools for certain clinical syndromes. 5-hydroxyindoleacetic acid (5-HIAA),
detected in a 24 h urine collection using optimal conditions for the assay, is the specific
tumor marker of carcinoid syndrome. 5-HIAA demonstrated a diagnostic sensitivity of
70%, with a specificity of 90% [77]. It is not recommended to use 5-HIAA as a screening test
in the presence of diarrhea. Instead, it should be used in patients diagnosed with NENSs to
confirm carcinoid syndrome and assess its response to therapy [10,77].
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Circulating tumor cells, circulating tumor DNA, circulating micro-RNAs, and NETest
(the simultaneous measurement of 51 neuroendocrine-specific marker genes in the periph-
eral blood) are novel biomarkers under validation for NENs. However, this test is not
widely available and needs further validation [78].

The treatment of Pan-NENs depends on the functionality, localization, dimension,
and disease progression of the tumor. In most cases, surgical resection is the appropriate
curative treatment in functioning pancreatic NET syndromes without metastases [49,54]. As
for NF-Pan-NETs, surgical treatment, when feasible, is the gold standard [46,79,80], even if,
as previously mentioned, a surgical intervention may not be warranted for very small Pan-
NETs (<1.0 cm), especially in elderly individuals [53-58]. Surgical options include simple
enucleation, central pancreatectomy, distal pancreatectomy with or without a splenectomy,
and pancreatoduodenectomy (Whipple’s operation), depending on the tumor’s location.
Moreover, radiofrequency ablation and trans-arterial chemoembolization are used for liver
metastases.

When a macroscopic curative resection is unfeasible, medical treatment is indicated to
control hormonal symptoms in F-Pan-NETs and to reduce the tumor’s growth. Since the ma-
jority of GEP-NETs express somatostatin receptors (SSTRs), somatostatin analogs are used
in F-Pan-NETs, together with adequate treatments for specific clinical syndromes (for exam-
ple, PPiin ZES) [81]. For tumor growth control, somatostatin analogs, molecular-targeted
drugs, and cytotoxic anticancer agents are indicated, regardless of functionality [82]. SSAs
are the first choice when a positive expression of SSRT is confirmed. The use of lanreotide
and octreotide long-acting release (LAR) were already proven to be effective in reduc-
ing a tumor’s progression [81,83,84]. Recently, Wolin et al. [85] reported that the use of
pasireotide, a novel SSA, despite a more extensive antiproliferation effect, was associated
with more frequent adverse events. Targeted therapy, with everolimus and sunitinib,
chemotherapy, and peptide-receptor radionuclide therapy (PRRT) should generally be
reserved for SSA-refractory cases [49].

4. Discussion

Our case report described an old patient with an extremely rare pancreatic neu-
roendocrine tumor (Pan-NET), diagnosed in the presence of unspecific gastrointestinal
symptoms and skin flushing. This observation is even rarer in old people. Despite the
symptoms suggesting carcinoid syndrome, the tumor was well-differentiated and localized
in the pancreas without liver metastases. This presentation is extremely rare, with few
cases reported in the literature [86-88]. Biochemical testing for serum CgA and urinary
5-HIAA resulted negative. As previously emphasized, laboratory biomarkers were recently
downsized due to the high rates of false positivity and their pharmacological interference,
leading to low sensitivity and specificity [74-78,89].

We confirmed the Pan-NETs diagnosis through a contrast-enhanced CT, followed
by functional imaging with a gallium-68 DOTATOC integrated PET/CT. We decided to
perform an EUS-FNB to test immunostaining for the main markers of Pan-NETs and obtain
grading. EUS-FNB confirmed the diagnosis of well-differentiated, low-grade (G1) Pan-NET
(CgA+, Synaptophysin+, Ki67 1%).

The association of NETs and carcinoid syndrome occurs in approximately 19% of
patients [27]. Except for patients with primary ovarian or bronchial neuroendocrine tumors,
the evidence of carcinoid syndrome develops when metastases have occurred [26,28]. As a
matter of fact, serotonin-producing Pan-NETs account for 0.58-1.4% of all Pan-NETs [90,91].
Only a few cases have been previously reported for Pan-NETs without liver metastases
presenting with carcinoid syndrome [87,92]. Some patients with neuroendocrine tumors
showed symptoms of flushing with low or normal levels of 5-HIAA [93,94]. Negativity
for the immunostaining of serotonin found in our tumor biopsy, while in keeping with
the normal values of 5SHIAA, may further support the notion that levels of circulating
hormones can increase only in the presence of liver metastases [29]. Our patient experienced
carcinoid symptoms (diarrhea, flushing, and unresponsive depression) in the absence of
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documented liver metastases and with negative serum CgA and normal urinary 5-HIAA
levels. The guidelines clearly show that negative hormone measurements define NETs
as “nonfunctional”, even if presenting with suggestive symptoms or positive hormonal
expressions in NET cells on immunohistochemical staining [49]. This may not always true,
as can be observed in our case-report, as well as in few other reports [87,92].

It remains unclear why symptoms resembling carcinoid syndrome developed in our
patient, with no evidence of any increase in hormone levels. It may well be that a possible,
sudden, and transient hormone increase in the circulation failed to be detected. Otherwise,
some to date unknown mechanisms might have been responsible for the abdominal pain,
diarrhea, and flushing, all together causing us to consider alternative diagnoses regarding
bowel diseases, which were excluded by the contrast-enhanced CT scan in our patient.
In the presence of this discrepancy between the presence of symptoms and hormone
negativity however, our case report emphasized that the clinical presentation should not be
disregarded as a presentation of carcinoid-like syndrome, therefore leading to a complete
diagnostic work-up for NETs.

Therefore, despite this, the Pan-NET of our patient should be defined as non-functional
according to the guidelines [49], because the hormone values were within the normal range;
our case report demonstrated that the imaging and histological examinations were useful
in the diagnostic work-up of a Pan-NET associated with symptoms of carcinoid syndrome.
As we reported, performing an EUS-FNB and assessing the cyto-histological features can
help characterize the Pan-NET. Of note, we again underscore the concept that Pan-NET
occurrence without metastases in old patients is very rare.

A Pan-NET < 1.0 cm can occur in very old people, without metastases, as in our case
report; although, the median age was between 61 and 65 years in a recent metanalysis [50].
A surgical resection in these cases is not warranted. On the contrary, for Pan-NETs between
1.0 and 2.0 cm, surgical resections provided a better survival outcome, but in patients
younger than 65 years old, without comorbidities.

The novelties of our case report can be highlighted as follows: (1) the symptoms of
carcinoid syndrome can be shown in a Pan-NET < 1.0 cm occurring in very old people, with-
out metastases, and with no evidence of an increase in circulating hormones, in agreement
with the negativity of immunostaining for serotonin shown in tumor tissue. To date, the
median age range was much lower [52]. (2) The categorical distinction of “functional” and
“nonfunctional” NETs suggested by the guidelines [49] on the basis of hormone positivity
and clinical presentation can help present Pan-NETs with no evidence of hormone release,
as in our case report, thus underscoring the concept that the physician should take into
account the possibility that an atypical pattern of apparently “non-functional” Pan-NETs
may occur, although rarely. (3) In our patient, the EUS-FNB offered the opportunity of
obtaining additional data regarding the immunostaining of the small Pan-NET; although,
to date, an EUS-FNA is recognized as the method of choice in the multidisciplinary diag-
nostic approach of occult primary NETs, as recently reported by Rossi et al. [62]. Further
evidence is needed to understand whether an EUS-FNB, as reported by a recent multicenter
study [53], can provide physicians with additional details of the diagnostic workup of
Pan-NETs.

In conclusion, this case report contributes to the understanding of the clinical spectrum
of Pan-NETs, particularly in elderly patients, and highlights the potential challenges in deci-
sion making when treating patients with indolent neoplasms, as well as well-differentiated
Pan-NETs surgically or even medicinally. It also highlights the role of advanced diagnostic
techniques, such as EUS-FNB, in characterizing P-NETs.
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CHD Carcinoid heart disease
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CT Computed tomography

CRP C-reactive protein

eGFR Estimated glomerular filtration rate

ENETS European neuroendocrine tumor society
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EUS-FNB Endoscopic ultrasound with fine-needle biopsy
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68Ga-DOTA-NOC  Gallium-68-DOTA-Nal3-octreotide
%8Ga-DOTA-TATE  Gallium-68-DOTA-Tyr3-octreotate
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GEP-NEN Gastroenteropancreatic neuroendocrine neoplasm
GEP-NET Gastroenteropancreatic neuroendocrine tumor
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INSM1 Insulinoma-associated protein 1

JNETS Japanese neuroendocrine tumor society

MEN-1 Multiple-endocrine neoplasia 1

MiNEN Mixed neuroendocrine-non-neuroendocrine neoplasm
MRI Magnetic-resonance imaging

NF-Pan-NET Non-functional pancreatic neuroendocrine tumor
NEC Neuroendocrine carcinoma

NEN Neuroendocrine neoplasm

NET Neuroendocrine tumor

NSE Neuron-specific enolase

Pan-NET Pancreatic neuroendocrine tumor

PAD Peripheral artery disease

PET Positive-emission tomography

PPi Proton pomp inhibitor

PPRT Peptide receptor radionuclide therapy

Sa02 Oxygen saturation

SSA Somatostatin analog

SSTR Somatostatin receptor

VHL von Hippel-Lindau syndrome

VIP Vaso-active intestinal peptide

WHO World Health Organization
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