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Abstract
Pancreatic neuroendocrine tumors (pNETs) are a heterogeneous group of tumors
with complicated treatment options that depend on pathological grading, clinical
staging, and presence of symptoms related to hormonal secretion. With regard to
diagnosis, remarkable advances have been made: Chromogranin A is
recommended as a general marker for pNETs. But other new biomarker
modalities, like circulating tumor cells, multiple transcript analysis, microRNA
profile, and cytokines, should be clarified in future investigations before clinical
application. Therefore, the currently available serum biomarkers are insufficient
for diagnosis, but reasonably acceptable in evaluating the prognosis of and
response to treatments during follow-up of pNETs. Surgical resection is still the
only curative therapeutic option for localized pNETs. However, a debulking
operation has also been proven to be effective for controlling the disease. As for
drug therapy, steroids and somatostatin analogues are the first-line therapy for
those with positive expression of somatostatin receptor, while everolimus and
sunitinib represent important progress for the treatment of patients with
advanced pNETs. Great progress has been achieved in the combination of
systematic therapy with local control treatments. The optimal timing of local
control intervention, planning of sequential therapies, and implementation of
multidisciplinary care remain pending.

Key words: Pancreatic neuroendocrine tumor; Serum biomarkers; Staging; Grading;
Management; Therapy
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Core tip: Pancreatic neuroendocrine tumors are a heterogeneous group of tumors with
complicated treatment. There are several highlights of our manuscript. First, we
summarize conventional and new advances in serum biomarkers, like circulating tumor
cells, multiple transcript analysis, microRNA profile, and cytokines. Then we review the
changes of each guidelines of grading and staging systems and the clinical evidence
behind them. Lastly, surgical resection is still the only curative therapeutic option for
localized pancreatic neuroendocrine tumors. Great progress has been achieved in drug
therapy and the combination with local control treatments. We summarize new advances
in detail and provide potential strategies for the management of neuroendocrine tumor
associated with liver metastases.

Citation: Ma ZY, Gong YF, Zhuang HK, Zhou ZX, Huang SZ, Zou YP, Huang BW, Sun ZH,
Zhang CZ, Tang YQ, Hou BH. Pancreatic neuroendocrine tumors: A review of serum
biomarkers, staging, and management. World J Gastroenterol 2020; 26(19): 2305-2322
URL: https://www.wjgnet.com/1007-9327/full/v26/i19/2305.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i19.2305

INTRODUCTION
Neuroendocrine  neoplasms  (NENs),  a  group  of  tumors  that  originate  from
neuroendocrine cells, are found in all organs, especially in the lung, the digestive
tract, and the pancreas[1]. Pancreatic neuroendocrine tumors (pNETs), which were first
described in 1869, are a subgroup of NENs that have relatively distinct biological
behavior  and  clinical  management  compared  with  pancreatic  adenocarcinoma.
Although  the  incidence  of  pNETs  is  less  than  or  equal  to  one  case  per  100000
individuals per year and they only comprise 1% to 2% of pancreatic neoplasms, their
incidence  is  increasing [2].  pNETs  are  clinically  classified  as  functioning  or
nonfunctioning  depending  on  whether  they  release  hormones  that  produce
symptoms: 60% to 90% of pNETs are nonfunctioning and largely asymptomatic[3]. In
contrast,  functioning  pNETs  are  much  more  uncommon  and  associated  with
symptoms related to their capacity to produce different hormones, including insulin,
gastrin, vasoactive intestinal peptide (VIP), glucagon, somatostatin, and serotonin.
Since the late 2000s, basic and clinical research of pNETs has notably progressed and
therapy  has  trended  toward  comprehensive  and  minimal  invasion  treatment[4].
Despite  these  advances,  pNETs,  as  a  distinct  clinical  entity,  remain  largely
unexplored.  Reliable  knowledge  of  the  histologic  characteristics,  biological
mechanism, and definition criteria of pNETs is a prerequisite for diagnosis, staging,
treatment, and prognosis. Therefore, the aim of this review is to provide an overview
of the serum biomarkers and controversial pathologic grading and clinical staging
criteria and give an updated review of the comprehensive treatment of pNETs.

SERUM BIOMARKERS

General biomarkers
Chromogranin A: Chromogranin A (CgA), a glycoprotein secreted by neurons and
neuroendocrine cells, is considered one of the best-described clinical biomarkers of
NETs with a sensitivity of 66%, specificity of 95%, and overall accuracy of 71% in
pNETs [5].  Several  guidelines,  including  those  by  both  the  North  American
Neuroendocrine Tumor Society (NANETS) and the European Neuroendocrine Tumor
Society (ENETS), recommend serum CgA as a marker during diagnosis and follow-up
in nonfunctioning-pNETs[6,7]. However, CgA is not specified as a diagnostic biomarker
because  it  is  false-positively  elevated  in  other  tumor-  and  non-tumor-related
situations, such as inflammatory bowel disease, chronic gastritis, renal or liver failure,
prostate and thyroid cancer, and pancreatitis. Therapy with proton pump inhibitors
(PPIs),  steroids,  and  somatostatin  analogues  (SSAs)  also  increases  serum  CgA
levels[8,9]. Nevertheless, CgA could be an independent prognosis factor of progression-
free survival (PFS) and overall survival (OS) in patients with pNETs. Pulvirenti et al[5]

analyzed a cohort of 65 patients with pNETs and found a CgA baseline value of > 15
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ng/mL as  a  significant  predictor  of  OS.  Giusti  et  al[9]  reported that  preoperative
plasma CgA in patients with postoperative recurrence was significantly higher than
that in patients without recurrence. Several studies showed that both response to
treatment and the presence of metastases, particularly in the liver, are correlated with
serum CgA levels[10].  Therefore,  the  measurement  of  CgA levels  may serve  as  a
reliable marker for clinical management in follow-up rather than for diagnosis.

Neuron-specific  enolase:  Neuron-specific  enolase  (NSE)  is  a  glycolytic  enzyme
expressed in the neurons and neuroendocrine and paraneuronal cells. NSE is not
commonly used alone in clinical practice due to its diagnostic sensitivity of 31%[11].
However, NSE levels are associated with poor differentiation and shorter PFS, even if
CgA levels are normal[12]. Yao et al[13] assessed the prognostic value of CgA combined
with  NSE  and  found  that  elevated  baseline  CgA/NSE  provided  prognostic
information on PFS and survival; early CgA/NSE responses are potential prognostic
markers for treatment outcomes in patients with advanced pNET.

Progastrin-releasing peptide: Progastrin-releasing peptide (ProGRP) is a precursor of
a  neuropeptide  hormone  called  GRP,  which  is  frequently  used  as  a  marker  for
diagnosing and monitoring small-cell lung cancer[14,15]. ProGRP is a biologically active
protein that stimulates tumor cell proliferation. Thus, proGRP may be associated with
more aggressive tumor behavior and poor prognosis. Korse et al[16]  found that the
serum ProGRP level is associated with tumor grade in NENs. A combination of tumor
markers – CgA, NSE, proGRP, and cytokeratin fragments - provided more diagnostic
and prognostic information than each marker alone.

Pancreatic polypeptide: Pancreatic polypeptide (PP) is produced by pancreatic islet
cells  that  are  located  in  the  head  and  uncinate  of  the  pancreas.  PP  is  generally
considered a secondary pNETs marker due to its limited sensitivity and specificity. A
study of 323 patients with pNET reported an elevated serum level of PP in 45% of
patients[17]. Other studies reported a diagnostic sensitivity for PP ranging from 41% to
68% for pNETs[18]. A higher serum concentration of PP can also be detected in several
physiological conditions, including physical exercise, hypoglycemia, and food intake.
PP false-negatively identify some CgA cases,  and a combination of PP with CgA
could improve the sensitivity by 25% to a total of 93% in the group of nonfunctioning-
pNETs (NF-pNETs)[19]. Walter et al[20] found that during the follow-up period, PP had a
high specificity (84%) for predicting the disease control rate (DCR), and an increase >
50% in PP serum level was correlated with tumor progression on imaging.

Specific biomarkers
Insulin: Insulin-secreting pNETs, also known as insulinomas, are almost specific to
the pancreas and the most common functioning pNET. Patients with insulinoma
show increased serum insulin levels and other clinical symptoms associated with
hypoglycemia. Some studies have reported the 72 h fasting test as an effective gold
standard for diagnosing insulinoma with a nearly 100% sensitivity and specificity[21].
Developing the classic symptoms of hypoglycemia requires 12 h of fasting and in the
first  48  h  most  patients  suffer  from  Whipple’s  triad:  Symptoms  and  signs  of
hypoglycaemia,  low plasma level  of  glucose,  and  resolution  of  symptoms  after
correction of the hypoglycaemia[22].

Glucagon:  Glucagon,  a  hormone  produced  by  pancreatic  islet  α  cells,  plays  an
opposite role to insulin in glycometabolism. Elevated levels of glucagon above 500
pg/mL can be detected in glucagon-secreting pNETs, also termed glucagonomas[12].
Glucagonomas, accompanied as part of multiple endocrine neoplasia 1 syndrome[23],
has malignancy potential. Glucagonoma syndrome includes symptoms of necrotic
migratory  erythema,  weight  loss,  hypoalbuminemia,  and  diabetes  mellitus  or
impaired glucose tolerance. However, glucagon levels, the only specific indicator, is
also elevated in other conditions, such as cirrhosis,  diabetes mellitus, sepsis,  and
burns. Therefore, hyperglucagonemia must be considered together with other typical
symptoms of glucagonoma syndrome for diagnosis.

VIP: VIP, a 28 amino acid peptide hormone produced by the brain, gut, and pancreas,
plays  an  important  role  in  gastrointestinal  contraction  and  pancreatic  exocrine
secretion. Thus, it naturally links VIP-secreting tumors of the pancreas (also known as
VIPomas), which represent an infrequent subtype of pancreatic islet cell tumors, with
a characteristic clinical presentation (Verner–Morrison syndrome), involving watery
diarrhea,  hypokalemia,  and  achlorhydria.  The  rate  of  metastasis  (commonly  in
regional lymph nodes and the liver) of VIPomas has been reported to be 50%-89% at
the initial diagnosis[24,25]. In a large cohort of 1000 patients with various etiology factors
of  diarrhea,  elevated  plasma VIP  levels  were  found to  be  100% specific  for  the
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presence of VIPoma in 39 patients[25].

Gastrin: Gastrinomas, localized in the pancreas (10%-40%) or duodenum (60%-80%),
often  cause  the  oversecretion  of  gastrin,  which  generally  functions  as  a  factor
promoting the release of gastric acid[26]. Increased serum gastrin may be indicative of
the  presence  of  a  gastrinoma  and  the  diagnosis  of  Zollinger–Ellison  syndrome
(gastroesophageal reflux and complicated peptic ulcer disease). Because serum gastrin
can be elevated in patients with atrophic gastritis and during the treatment of PPIs, it
is suggested to stop taking PPIs or seek an alternative to histamine type 2 receptor
(H2) blockers for at least 7 d[27]. A more than 1000-fold increase in the serum level of
gastrin can be diagnosed as gastrinoma[28], whereas for intermediately elevated gastrin
levels,  a  secretin  test  is  needed.  Secretin  (2  U/kg  weight)  is  administered  by
intravenous bolus and the serum gastrin is measured. An increase in gastrin by ≥ 120
pg/mL over baseline is considered positive with a diagnostic sensitivity of 94% and
specificity of 100%[29]. An imaging test is required to confirm the localization of the
tumor prior to seeking surgical treatment.

Somatostatin:  Somatostatin-producing NETs (SSoma) mainly originate from the
pancreas, the duodenum close to the ampulla, and the peri-ampullary area. Because
somatostatin inhibits the endocrine secretion and the motility of the stomach and
gallbladder,  somatostatin-producing  NETs  always  cause  a  classical  triad  of
syndromes:  Hyperglycemia,  cholelithiasis,  and  maldigestion  of  food[30].  Serum
somatostatin levels can be elevated with regard to various extra-pancreatic NETs, and
a prevalence of 1 in 40 million in the morbidity of pancreatic somatostatin-producing
NETs makes drawing conclusions difficult based on both typical clinical symptoms
and laboratory assessments.

Ectopic hormones:  In other cases,  identification of  the elevated serum level  of  a
specific  hormone  is  also  useful  for  diagnosis.  The  ectopic  secretion  of  adr-
enocorticotropic hormone (ACTH) can be observed in pNET, which can lead to the
manifestation of Cushing’s syndrome. The primary differential diagnosis is Cushing’s
disease, which can be excluded by an enhanced pituitary magnetic resonance imaging
(MRI)[31]. Growth hormone (GRH), another hormone released by the pituitary, can also
be elevated in NETs. The measurement of GRH and insulin like growth factor-1, and a
GRH suppression test are needed for diagnosis[32]. To date, only Melmed et al[33] have
reported a single case of ectopic GRH in pNET. Other specific serum biomarkers of
functioning-pNETs are listed in Table 1.

Novel biomarkers
Circulating  tumor  cells:  The  tumor  cells  in  the  peripheral  blood  are  termed
circulating tumor cells  (CTCs),  which are  supposed to  be  useful  biomarkers  for
providing diagnostic and prognostic information. The identified characteristics of
CTCs from circulation include the size of tumor cells and the expression of epithelial
cell adhesion molecule (EpCAM)[34]. In a retrospective study, CTCs were detected in
36% of patients with pNETs through the use of the Food and Drug Administration-
approved Cell Search platform. The presence of CTCs appears to be associated with a
higher tumor grade, tumor burden, an increased circulating CgA concentration, and a
higher Ki67 index[35].  Several large studies of other tumors (colorectal cancer and
prostate cancer)  reported CTCs as an independent factor for predicting PFS and
OS[36,37]. For NETs, Khan et al[35] reported that CTCs are also independently associated
with PFS and OS, indicating a 3.3-fold increased risk of progression and 3.7-fold
increased risk of death in patients with the presence of one or more CTCs. For the
pancreatic cohort, a similar but nonsignificant trend was observed, possibly due to the
smaller number in this subgroup. Changes in CTCs after treatments were strongly
associated with OS, with the best prognostic group being patients with 0 CTCs after
therapy, followed by those with a ≥ 50% reduction in CTCs, with those with a < 50%
reduction or increase in CTCs having the worst outcome. Current CTC analyses may
not be sensitive and specific enough as diagnostic biomarkers to detect all NET types
or to distinguish pNETs from different types of NETs.  Although its  concept and
technology have attractive value, CTCs cannot be used in their current form as an
effective biomarker for pNETs[10].

NETest: A novel multianalyte biomarker, multiple transcript analysis PCR-based test
(NETest) using blood-based quantitative real-time PCR to measure 51 different NET-
related transcripts presented promising results in both the diagnosis and prognosis of
NETs [38].  Captured  by  gene  co-expression  networks  from  tissue  and  blood
transcriptome databases, these 51 relevant transcripts include a series of genes that are
associated with neoplastic behavior and the proliferation, signaling, and secretion of
NETs[39]. The first prospective study included 206 patients with gastroenteropancreatic

WJG https://www.wjgnet.com May 21, 2020 Volume 26 Issue 19

Ma ZY et al. A review of pancreatic neuroendocrine tumors

2308



Table 1  Pancreatic neuroendocrine tumors-associated hormonal syndromes and biomarkers

Tumor/syndrome Location Incidence (million per
year) Biomarker Main symptoms

Insulinoma Pancreas 1-32 Insulin Hypoglycaemia

Gastrinoma Pancreas, duodenum 0.5-21.5 Gastrin Zollinger-Ellison syndrome:
Gastroesophageal reflux and
complicated peptic ulcer
disease

VIPoma Pancreas 0.05-0.2 Vasoactive intestinal peptide Verner-Morrison syndrome:
Watery diarrhea,
hypokalemia, and
achlorhydria

Glucagonoma Pancreas 0.01-0.1 Glucagon Necrotic migratory erythema,
weight loss,
hypoalbuminemia, and
diabetes mellitus or impaired
glucose tolerance

SSoma Pancreas, duodenum,
jejunum

Rare Somatostatin Hyperglycemia,
cholelithiasis, and
maldigestion of food

ACTHoma Pancreas Rare ACTH Cushing syndrome

GRHoma Pancreas, lung, jejunum Rare GRH Acromegaly

Carcinoid syndrome caused
by pNET

Pancreas Rare Serotonin, 5-
hydroxyindoleacitic acid

Skin flushing, diarrhoea,
bronchospasm, and cardiac
valve fibrosis

Hypercalcemia caused by
pNET

Pancreas Rare Parathyroid hormone-related
peptide

Hypercalcaemia and
abdominal pain

pNETs: Pancreatic neuroendocrine tumors; ACTH: Adrenocorticotropic hormone; GRH: Growth hormone; SSoma: Somatostatin-producing NETs.

NETs (GEP-NETs), in which NETest had areas under the curve of 0.95 and 0.98 for
diagnosis in two different validation sets. The sensitivity and specificity of the test
applied to pNETs are 80% and 94%, respectively[40]. NETests can also be used in the
prediction of progression and response to treatment in follow-up. Pavel et al[40] and
Ćwikła et  al[41]  demonstrated that  NETest  is  significantly associated with disease
progression.  The NETest  was more informative than CgA changes in predicting
disease alterations. The NETest had an earlier time point change than imaging. A
study assessing the predictive value of the NETest on the therapeutic response to
SSAs found that NETest (P  = 0.002) and tumor grading (P  = 0.054) were the only
factors associated with treatment response in a prospective group of 35 GEP-NETs (9
for pNETs)[41]. These outcomes are encouraging, but concerns exist about the technical
availability and cost-effectiveness of this biomarker in clinical practice.

MicroRNAs: MicroRNAs (miRNAs) are a series of small non-coding RNAs with the
capability to regulate gene expression at the post-transcriptional level in biological
processes, including carcinogenesis[42]. In contrast with several studies that described
miRNAs as biomarkers in GEP-NET tissues, little is known about serum miRNA
levels and only a few oncogenic and suppressor serum miRNAs were identified in
pNETs. Upregulation of serum miR-193b and plasma miR-21 levels was noted in
patients with pNETs[43,44].

In a separate study, down-regulation of serum miR-1290 was found to discriminate
pNET  from  pancreatic  adenocarcinomas  (area  under  the  curve  of  0.80).  Other
significantly down-regulated serum miRNAs in pNETs include miR-584, miR-1285,
miR-550-002410, and miR-1825[45]. Although the clinical application of miRNAs in the
diagnosis of pNETs remains an attractive research interest, further studies are needed
to understand their biological mechanism in the development of pNETs, and to form
a measurement standard or to develop a diagnostic reagent kit[46].

Cytokines: The vascular endothelial growth factor (VEGF) signaling pathway plays a
pivotal role in regulating tumor angiogenesis and has been proven to be related to cell
survival, growth, and metastasis. VEGF, as a therapeutic target, has been validated in
various  types  of  cancers;  GEP-NETs  also  express  high  levels  of  VEGF  and  its
transmembrane receptors (VEFGR-1, VEFGR-2, and VEFGR-3), which can be detected
in  peripheral  blood[47].  Relationships  between  VEGFR and prognosis  have  been
described.  High baseline levels of  VEGFR-2 are associated with decreased OS in
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pNETs[48]. Interleukin-8 (IL-8) plays a vital part in proangiogenesis, mitogenesis, and
mitogenesis through interaction with two receptors, IL-8RA and IL-8RB (also known
as CXCR1 and CXCR2, respectively)[49].  In addition to IL-8,  its receptor IL-8RB is
elevated in patients with pNETs[50,51]. In patients with carcinoids, low pre-treatment IL-
8 levels predicted longer PFS, longer OS, and better response to sunitinib, indicating
that IL-8 is a candidate marker of prognosis and sunitinib treatment benefits this
subset of patients[50]. Similar to IL-8, stromal cell-derived factor-1α is also an important
regulatory factor of  cell  migration,  proliferation,  and angiogenesis.  Stromal cell-
derived factor-1α levels are significantly higher in pNETs compared to other NETs
and are inversely correlated with disease-free survival[48].

Overall, various types of cytokines produced promising results in diagnosis and
prognosis of pNETs, but large-sample and well controlled trials are still required to
validate and qualify the results.

STAGING AND GRADING

Staging
To guide clinical practice, of the two most common staging systems for pNETs, one
was constructed by ENETS and the other by the American Joint Committee on Cancer
(AJCC).

The sixth edition of the AJCC Cancer Staging Manual, published in 2002, excluded
pNETs when staging pancreatic tumors[52]. pNETs were first isolated from pancreatic
adenocarcinoma in the seventh edition of the AJCC staging system, published in 2010;
however, the same staging classification criteria in pancreatic adenocarcinoma were
directly applied to pNETs in this edition[53]. The biological behaviors and prognosis
are absolutely different between pNETs and pancreatic adenocarcinoma, so it seems
inappropriate  to apply the pancreatic  adenocarcinoma staging system to pNETs
without any adjustments.  Two large cohort  studies found that the proportion of
patients diagnosed with stage III disease according to the seventh AJCC edition was
relatively small.  Rindi et al[54]  reported a poor discrimination of survival between
patients diagnosed with stages II and III disease[54,55]. All these findings support the
need for revising the staging system for pNETs.

As a result, the newly revised eighth edition did not follow the seventh edition and
introduced another classification criterion asserted by ENETS. Several changes were
made: First, the eighth edition staging system only applied to well differentiated G1,
G2, and G3 tumors (World Health Organization Classification, 2017 edition), whereas
the  remaining  poorly  differentiated  G3  tumors  [also  known as  neuroendocrine
carcinoma (NEC)]  followed the  pancreatic  cancer  staging system.  Second,  the  T
category was more detailed in emphasizing the classification of  tumor size.  The
presence of invasion around the pancreas was excluded. Third, adjacent structures,
including major vascular invasion, were categorized as belonging to the T4 category.
Finally, the M1 category was specified according to metastatic sites. These significant
changes reveal the biological behavior of pNETs and allow the accurate assessment of
prognosis[56,57]. However, some controversies remain in this staging system. A similar
OS was found between patients diagnosed with stage I and stage IIA disease. Patients
with stage IIIB disease (TxN1M0) had a lower hazard ratio for death than patients
with  stage  IIIA  disease  (T4N0M0)[58].  Given  these  findings,  a  modified  ENETS
(mENETS) staging classification was proposed by maintaining the ENETS T, N, and
M  definitions  but  adopting  the  seventh  AJCC  edition’s  staging  definitions[59].
Confirmed by two large pNET cohorts, the mENETS staging classification is more
suitable for pNETs than the AJCC or ENETS system and may be adopted in the next
AJCC edition. The definitions and groups of several important staging editions for
pNETs are shown in Tables 2 and 3.

Grading
Several common consensuses exist for the pathological classification and diagnosis of
pNENs:  The  World  Health  Organization  (WHO) pathological  classification,  the
ENETS guideline,  NANETS consensus,  and the National  Comprehensive Cancer
Network (NCCN) guideline,  as well  as the Chinese Society of  Clinical  Oncology
expert  consensus.  The most  general  and commonly used consensus is  the WHO
pathological classification (Table 4).

In the first NENs WHO classification published in 1980, the term carcinoid was
applied to most of the NETs[60]. However, both pathologists and clinicians struggle to
apply this term due to misleading neuroendocrine features and carcinoid syndrome.
Therefore, it was finally termed NET and NEC in the WHO 2000 classification of GEP-
NETs  and  the  WHO  2004  classification  of  pNETs[58,61].  Based  on  tumor  size,
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Table 2  Definitions of American Joint Committee on Cancer and European Neuroendocrine Tumor Society staging for pancreatic
neuroendocrine tumors

AJCC 7th staging classification AJCC 8th and ENETS staging
classification

T1 Limited to the pancreas, ≤ 2 cm in
greatest dimension

T1 Tumor limited to the pancreas, ≤ 2
cm

T2 Limited to the pancreas, > 2 cm in
greatest dimension

T2 Tumor limited to the pancreas, 2-4
cm

T3 Beyond the pancreas but without
involvement of the superior
mesenteric artery

T3 Tumor limited to the pancreas, > 4
cm, or invading the duodenum or
common bile duct

T4 Involvement of the celiac axis or
superior mesenteric artery
(unresectable tumor)

T4 Tumor invades adjacent structures

N0 No regional lymph node metastasis N0 No regional lymph node metastasis

N1 Regional lymph node metastasis N1 Regional lymph node metastasis

M0 No distant metastasis M0 No distant metastasis

M1 Distant metastasis M1 Distant metastasis

M1a Metastasis confined to liver

M1b Metastasis in at least one extrahepatic
site

M1c Both hepatic and extrahepatic
metastases

AJCC: American Joint Committee on Cancer; ENETS: European Neuroendocrine Tumor Society.

morphology, and the presence of invasion or metastasis, a distinction was formed
between well differentiated NETs (G1), which show benign or uncertain malignant
potential  behavior;  well  differentiated  NECs  (G2),  characterized  by  low-grade
malignancy; and poorly differentiated NECs (G3) of high-grade malignancy. This
version of the classification acknowledged the existence of benign NENs, which is
contrary to the clinical practice of patients with a small and indiscoverable primary
focus but a clear liver metastasis.

As  all  GEP-NENs  have  metastatic  potential,  the  2010  WHO  classification
considered them malignant tumors for the first time and adjusted the grading[62].
Under the auspices of ENETS proposals, a grading tool was devised mainly based on
mitotic count and Ki-67. Low–intermediate grade (G1-G2), well differentiated tumors
were defined as NETs; high-grade (G3), poorly differentiated tumors were defined as
NEC[63]. The 2010 WHO classification was proven to be practicable and effective for
predicting  the  survival  of  patients  with  pNENs [55 ].  However,  a  subset  of
neuroendocrine cancers, especially originating from the pancreas, was observed to be
actually well differentiated according to standard morphology but classified into high
grade (G3) according to the 2010 WHO classification grading tool[64,65]. In 2014, La Rosa
et al[66] proposed this type of cancer as a separate group named NET-G3, and NEC can
be  defined as  poorly  differentiated  small-cell  carcinoma and large-cell  NEC.  In
another study, a series of 136 patients diagnosed with NEC-G3 were classified into
three groups according to the degree of morphologic differentiation (well vs poorly
differentiated) and Ki-67 index (< 55% vs ≥ 55%). Patients with well differentiated
neoplasms and a low Ki-67 index have a better OS than other groups[67].

Based on the studies mentioned above, the 2017 WHO classification was devised
for NENs of the pancreas alone[68]. The WHO 2010 principles were endorsed in this
edition, but a new definition of NET G3 was introduced for neoplasms that are well
differentiated in morphology but have a Ki-67 index in the G3 range. The WHO 2017
classification highlighted the association of morphologic differentiation with the
definition of NET and NEC. A new concept of mixed neuroendocrine-non-NEN was
used to define that mixed neoplasms may occasionally include different types and
grades of neuroendocrine components and non-neuroendocrine components (e.g.,
adeno or squamous).  The newest WHO 2019 classification followed the previous
version in 2017.
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Table 3  Definitions of American Joint Committee on Cancer, European Neuroendocrine Tumor
Society, and modified European Neuroendocrine Tumor Society staging for pancreatic
neuroendocrine tumors

AJCC 7th staging
classification

AJCC 8th and ENETS staging
classification mENETS

Stage T N M T N M T N M

IA T1 N0 M0 T1 N0 M0 T1 N0 M0

IB T2 N0 M0 T2 N0 M0 T2 N0 M0

IIA T3 N0 M0 T3 N0 M0 T3 N0 M0

IIB T1-3 N1 M0 T4 N0 M0 T1-3 N1 M0

III T4 Any N M0 Any T N1 M0 T4 Any N M0

IV Any T Any N M1 Any T Any N M1 Any T Any N M1

AJCC: American Joint Committee on Cancer; ENETS: European Neuroendocrine Tumor Society; mENETS:
Modified European Neuroendocrine Tumor Society.

MANAGEMENT

Surgical management
Surgical principle and indication: In most cases, surgical resection remains the only
potentially curative treatment for patients with pNETs. All the guidelines mentioned
above  (including  NCCN,  ENETS,  Chinese  Society  of  Clinical  Oncology,  and
NANETS) recommend surgical resection for all functioning pNETs and localized NF-
PNETs (without widespread metastasis),  and the surgical options include simple
enucleation,  central  pancreatectomy,  distal  pancreatectomy  with  or  without
splenectomy, and pancreatoduodenectomy (Whipple’s  operation),  depending on
tumor location[69]. Tumor size has traditionally been thought to be directly related to
malignant potential; therefore, all tumors larger than 2 cm that are always locally
invasive or have positive lymph node involvement should include regional lymph
node dissection. However, whether surgical resection or conservative observation of
“watch-and-wait” (first presented in ENETS 2012) is more suitable in patients with
NF-pNETs smaller than 2 cm remains controversial[70]. Several studies demonstrated a
distinct  correlation between tumor size  and lower malignancy potential,  so  this
observation is acceptable for patients with pNETs smaller than 2 cm[71,72]. Conversely,
Sharpe and Finkelstein observed that patients with localized pNETs ≤ 2 cm had an OS
advantage with resection compared with observation[73,74].

A novel strategy to manage these small NF-pNETs is obtaining histopathologic
grading through endoscopic  ultrasound and fine-needle  aspiration,  so  the  final
decision making is based on histopathologic diagnosis[75].

Studies  have reported that  small  WHO Grade 3  NF-pNETs should be  treated
surgically due to their malignancy potential, which is inconclusive for those WHO
Grade 2 tumors[76,77].  For the rest of small NF-pNETs with low WHO grading, the
regimen of conservative observation involves repeat axial imaging and detection of
serum biomarker levels (CgA or PP) every 3 mo following diagnosis and then at 6-mo
intervals for one year and yearly thereafter. Due to the better biological behavior of
pNETs  compared  with  pancreatic  adenocarcinoma,  more  aggressive  surgical
approaches should be adopted for border resectable and locally advanced pNETs.
Some  studies  have  shown  that  aggressive  surgical  strategies  may  also  prolong
survival as long as an R0 or even R1 resection is conducted[78,79].

A  systematic  review  investigating  the  role  of  primary  tumor  resection  with
unresectable metastatic disease at the time of diagnosis showed that primary tumor
resection without liver debulking surgery remained associated with a decreased risk
of death at five years compared with patients who did not have the primary tumor
resected. Surgical morbidity, surgical timing, and predictive response to adjuvant
treatment should be considered before primary tumor resection with unresectable
metastatic disease[80-82].

Lymph nodes dissection: Lymph node metastasis is an independent risk factor of
disease-free survival and OS for patients with pNETs; hence, a certain range of lymph
node dissection is needed for radical tumor resection[83,84].  However, determining
whether the patient has lymph node metastasis before or during operation is difficult.
Lopez-Aguiar et al[83] analyzed 695 patients with NF-pNETs and considered a tumor
diameter > 2 cm as the predictive factor for lymph node metastasis[85]. Several other
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Table 4  Several editions of World Health Organization (pathological classification)

Edition Grading standards

2000/2004 G1: Well-differentiated NET;
≤ 2 cm in size, Ki-67 ≤ 2%

G2: Well-differentiated NEC;
> 2 cm in size, Ki-67 3%-20%
or angioinvasive

G3: Poorly differentiated
NEC; Ki-67 > 20%

2010 NET-G1: Well-differentiated,
mitotic count < 2/2 mm2, Ki-
67 ≤ 2%

NET-G2: Well-differentiated,
mitotic count 2-20/2 mm2, Ki-
67 3%-20%

NEC-G3: Poorly
differentiated, mitotic count >
20/2 mm2, Ki-67 > 20%

2017/2019 NET-G1: Well-differentiated,
mitotic count < 2/2 mm2, Ki-
67 ≤ 2%

NET-G2: Well-differentiated,
mitotic count 2-20/2 mm2, Ki-
67 3%-20%

NET-G3: Well-differentiated,
mitotic count > 20/2 mm2, Ki-
67 > 20%

NEC-G3: Poorly
differentiated, mitotic count >
20/2 mm2, Ki-67 > 20%

NET: Neuroendocrine tumor; NEC: Neuroendocrine carcinoma.

studies on NF-pNETs concluded similarly, but this is contrary to the report by Jutric et
al[86,87]:  Nearly 24% of patients with grade 1 tumors that are less than 1 cm in size
undergoing  resection  have  lymph  node  metastases.  Summarizing  the  current
guidelines and studies, lymph nodes dissection is recommended for NF-pNETs > 2
cm in diameter and all functioning pNETs, except insulinoma. This is also applicable
for NF-pNETs 1-2 cm in diameter. No lymphadenectomy is allowed in patients with
NF-pNETs < 1 cm in diameter but without any high-risk factors.

Distant metastasis: About 65%-95% of patients are initially diagnosed with distant
metastases,  especially  liver  metastases.  Three-to-five-year  survival  is  13%-54%
compared  with  75%-99%  for  patients  without  hepatic  metastases[86,87].  Surgical
resection is the only curative treatment for pNETs with liver metastases. A recent
systematic review analyzed 1542 pNET patients with liver metastasis and found that
the  1-,  3-,  and  5-year  survival  rates  of  patients  undergoing  hepatectomy  were
significantly higher than those of patients without hepatectomy[88]. However, clinical
practice recommendations are limited. Complete resection of liver metastases has
been associated with better long-term survival in previous studies, survival rates of
60%-80% at five years may be achieved in the resection group, while this decreases to
approximately  30% when liver  metastases  are  not  resected.  Radical  resection  is
suggested  in  patients  with  type  I  and  part  of  type  II  liver  metastases  with  an
anticipated  liver  remnant  of  at  least  30%,  and  other  indications  include  well
differentiated (G1-G2) tumors, absence of extra-abdominal metastases, and expecting
R0/R1 resection[89]. For some complicated type II liver metastases, a two-step surgery,
which includes a resection of left metastases associated with right portal vein ligation
followed by right hepatectomy, may be proposed[89,90]. Palliative hepatectomy is not
recommended in patients with WHO Grade 3 or type III liver metastases. A multi-
institutional  analysis  that  identified  612  patients  who underwent  liver-directed
therapy showed that the 5-year survival is higher among patients who underwent an
R0/R1 resection compared with those who underwent a debulking (≥ 80%) operation.
Among patients with ≥ 50% liver involvement, the 5-year survival rate following
debulking  was  40.6%.  Hepatic  debulking  for  liver  metastases  is  a  reasonable
therapeutic  option  for  patients  with  grossly  unresectable  disease[91].  Potential
strategies  for  management  of  NET associated with liver  metastases  (NELM) are
shown in Figure 1.

Postoperative follow-up: Follow-up consultation with cross-sectional imaging [triple-
phase computed tomography (CT) of the abdomen] or MRI should be performed
every year for the first three years after surgical resection, then every one to two years
for a total of 10 years[92]. The routine uses of serum biomarkers (including general
markers and relevant hormone) for surveillance of recurrence are mentioned above.
Patients  with  a  Ki-67  index  greater  than  5%  or  any  positive  lymph  nodes  are
considered at a sufficiently high risk of recurrence to warrant increased frequency of
follow-up[92].

Drug therapy
Biological therapy: According to NCCN and ENETS guidelines, SSAs are the first
choice for pNETs with a low proliferation index (Ki-67 < 10%) and positive expression
of somatostatin receptor (SSRT)[40,93]. SSAs show an antiproliferative effect and mainly
consist  of  two therapeutic  agents:  Lanreotide and octreotide long-acting release
(LAR).  CLARINET Research  (a  phase  III  trial)  showed a  significant  association
between  the  treatment  of  lanreotide  and  prolonged  PFS  among  patients  with
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Figure 1

Figure 1  Potential strategies for management of neuroendocrine tumor associated with liver metastases in
the era of personalised medicine. NELM: Neuroendocrine tumor associated with liver metastases; MDT:
Multidisciplinary team.

advanced pNETs[94]. The use of octreotide LAR was also proven to be correlated to a
high DCR and long time to tumor progression[95].  Although new generation SSAs
(pasireotide LAR) can be combined with more SSRTs simultaneously and produce a
more extensive antiproliferation effect, up to 79% of patients treated with pasireotide
LAR had hyperglycemia, so currently, it is not recommended as the drug of choice[96].
SSAs also remain the treatment of choice for the hormone-excess state in pNETs prior
to surgery or if resection cannot be performed.

Interferonα-2b can be used instead or in combination when the curative effect of
SSAs is  poor in patients  with refractory carcinoid syndrome[97].  Other drugs can
relieve symptoms related to specific functioning-pNETs: PPIs for oversecretion of
gastric acid by gastrinoma and metyrapone for oversecretion of ACTH by ACTHoma.

Targeted therapy: Among the numerous targeted agents investigated in GEP-NETs,
the mammalian target of rapamycin inhibitors, everolimus, and of tyrosine kinase
inhibitors, sunitinib, are the only two agents approved presently by the Food and
Drug Administration for the treatment of  pNETs.  These two targeted agents are
generally recommended as second-line treatment after SSAS treatment in patients
with tumor-positive expression of SSTR, and as the first-line treatment in patients
with  tumor-negative  expression  of  SSTR[40].  Prospective  randomized  controlled
studies  have  showed  that  everolimus  and  sunitinib  could  improve  the  PFS  of
advanced pNETs with a median PFS of 11.0 and 11.4 mo compared with placebo,
respectively[98,99]. The objective response rate (ORR) of sunitinib in advanced panNET
ranged from 9% to 33.3%, higher than that of everolimus (5%-9.5%)[100]. Apart from
sunitinib, the clinical trials of other tyrosine kinase inhibitors as targeting agents for
pNETs including cabozamtinib, sulfatinib, and lenvatinib are also being conducted
continuously. Cabozamtinib inhibits the expression of c-MET and a phase II clinical
trial has shown a high DCR (90%, 18/20) for pNETs[101]. Preclinical research showed
that  sulfatinib  inhibits  VEGFRs,  fibroblast  growth  factor  receptor,  and  colony
stimulating factor 1 receptor simultaneously, and a phase II trial in pNETs showed a
high  DCR  of  92.9%[102].  Lenvatinib  was  studied  in  a  phase  II  clinical  study  and
achieved a 40% ORR in patients with pNETs and a median PFS of 15.8 mo even after
treatment with everolimus and sunitinib[103]. Currently, numerous drugs aiming at
other  new targets  in  pNETs  have  been  researched  and  developed;  for  instance,
palbociclib targets CDK4/6 and patients treated with palbociclib were observed to be
evaluable for ORR with a median follow-up period of 10 mo[104,105].

Chemotherapy: Chemotherapy is beneficial in patients with advanced pNETs (i.e.,
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progressive, with high tumor burden or high Ki67 index), or in a neoadjuvant setting
to obtain tumor shrinkage for secondary tumor resection. At present, three kinds of
chemotherapy schemes are  recommended for  pNETs:  Temozolomide-based and
streptozotocin-based chemotherapies (streptozocin mono- or plus 5-fluroracil) are
mainly used for tumors with good differentiation and relatively fast growth, whereas
the platinum-based scheme (cisplatin plus etoposide) is used for pNEC but not well
differentiated NET[40].  A prospective randomized controlled study compared the
curative effect of temozolomide monotherapy with temozolomide combined with
capecitabine (CAPTEM Scheme) and found that the CAPTEM scheme prolonged PFS
significantly to 22.7 mo with an ORR of 33.3%, which shows considerable promise for
combined chemotherapy for pNETs. The ORR of streptozotocin-based chemotherapy
ranges from 21.6% to 42.7%. The ORR among G3 NEC to platinum-based regimen
was reasonably high, up to 61.3%[106]. Rb loss and KRAS mutation showed additional
benefits than those without (Rb loss, 80% vs normal Rb, 24%; mutated KRAS, 77% vs
wild type, 23%)[107].

Immunotherapy: Immunotherapy for NENs is still in the early stage of clinical trials
and the efficacy of anti-programmed cell death protein 1 (PD-1) immunotherapy for
GEP-NETs  is  lower,  with  an  ORR  <  10%[108].  The  expression  of  some  potential
immune-related biomarkers in pNETs has been preliminarily investigated. Expression
of PD-L1 in pNET is rare, at 7.4%. Microsatellite instability was observed in 12.5% of
patients with pNET[109,110].  Stable microsatellite, low PD-L1 expression, and tumor
mutation burden are associated with a poor response to immunotherapy in NENs[111].
PD-L1 expression, high tumor mutation burden, and microsatellite instability are
more pronounced in poorly differentiated NENs. Thus, avelumab, an anti-PD-L1
antibody, was approved for the treatment of Merkel cell carcinoma (MCC), a high-
grade cutaneous NEC[112].

Peptide receptor radionuclide therapy
Peptide receptor radionuclide therapy (PRRT) is applied in patients with advanced
NETs through injecting radiolabeled SSAs.  A radioisotope,  such as  90Yttrium or
177Lutetium (177Lu), binds to an SSA via  a chelator and delivers targeted radiation
precisely to tumors. The b-emission can effectively produce toxic effects when the
radiolabeled SSA binds to the surface of the tumor cells  with high expression of
SSTR[113].  Several retrospective studies have demonstrated the role of PRRT in the
treatment of advanced pNETs. The ORRs ranged from 16.5% to 61.3%. The pivotal
phase 3 Lu-DOTATATE PRRT trial in NETs was restricted to patients with midgut
NETs with an ORR of 18%[114]. No phase 3 trial data are currently available for pNET
patients. The largest study, which included 610 patients with bronchial and GEP-
NETs treated with 177Lu infusion, achieved an ORR of 39% in all the sites. pNETs
showed the best response compared with NETs from other sites. The ORR was 58%,
among which F-pNET had additional benefits with an ORR of 62%[115]. Therefore, the
current  guidelines  suggest  that  PRRT  can  be  attempted  in  patients  with  high
expression of SSTR.

Local ablation
Although  surgical  resection  is  the  primary  treatment  for  liver  metastases,
postoperative complications due to remnant liver volume being insufficient, ischemia-
reperfusion injury, postoperative hemorrhage, and infection delay the systematic
treatment  schedule.  This  technique  includes  radiofrequency  ablation  (RFA),
microwave ablation, and cryotherapy, which can be completed via ultrasound/CT
guided, or laparoscopic approaches. For lesions smaller than 3 cm, local ablation has
the same safety and effectiveness as surgical resection[116,117], whereas for lesions with a
diameter  of  3-5  cm,  the  curative  effect  remains  controversial[118].  An  improved
technique, real-time ultrasonography/CT-MRI image fusion-guided RFA, has been
increasingly widely used. A pilot study showed that ultrasonography/CT-MRI image
fusion improved tumor visibility and the technical feasibility of RFA. Fusion imaging
guided RFA using multiple electrodes demonstrated a highly effective ablation rate
for lesions up to 5 cm, and a low local tumor progression rate during a two-year
follow-up period. The debulking (≥ 80%) operation has been proven to be effective in
selected patients  with liver  metastases[93].  Local  ablation,  expecting an R0/R1 or
debulking ablation, would be an acceptable option combined with systematic therapy
for liver metastases.

Liver transarterial embolization
Liver-directed transarterial  embolization (TAE), transarterial  chemoembolization
(TACE), and selective internal radiation therapy are widely used effective treatment
modalities for liver metastases. TACE combines intra-arterial injection of cytotoxic
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agents  with  particulate  embolization,  achieving  a  relatively  higher  intra-tumor
chemotherapy concentration and prolonged dwell time of the agent within the tumor
compared with systemic administration[119]. TAE and TACE are both effective in NET
patients with liver metastases[120].  TAE would be preferred due to slightly better
toxicity  profile.  Aiming  at  NELM,  partial  or  complete  symptom relief  has  been
reported in 60%-85% of patients treated with TACE. A significant biological response
is achieved in 45%-75% of cases. A better tumor response and prolonged OS were
observed in pNETs in comparison with small-intestine NET[121,122]. Several modalities
were discovered to predict the OS in NELMs treated with TACE. Extremely high
levels  of  pancreastatin  before  TACE  could  predict  a  poor  prognosis,  whereas
significant  drops  in  pancreastatin  after  TACE are  correlated  with  an  improved
survival. A rebound in the level after the initial decrease might predict progressive
liver disease, requiring repeated TACE[123]. A semi-quantitative visual assessment of
hepatic tumor burden on multiparametric MRI could accurately, reproducibly, and
efficiently predict the OS[124].

Multidisciplinary care
Disappointingly, in recent decades, patients with NET experienced long delays (5-7
years)  before  diagnosis,  and  most  lacked  access  to  the  multidisciplinary  care
necessary  for  management  of  these  complex  tumors[125].  Differently  from  the
traditional  referral  model,  multidisciplinary care is  ideal  for  the management of
patients with complex conditions. A multidisciplinary team of NET usually consists of
physicians from both the medical and surgical oncology departments, pathology,
endocrinology,  diagnostic,  and  interventional  radiology  teams,  as  well  as  a
professional nursing team, to integrate the opinions of various aspects of diagnosis
and treatment quickly[126]. Tamagno et al[127] compared the changes in diagnosis and
treatment  of  GEP-NET  patients  before  and  after  the  establishment  of  the
multidisciplinary  team  and  identified  a  lack  of  consistency  in  the  biochemical,
imaging, and pathological findings. These inconsistencies have been reduced by the
systematic multidisciplinary approach and the therapeutic management of GEP-NET
patients has been altered and became more consistent with recommended guidelines.
A more striking finding is that disease imaging staging and grading were modified in
30.7%  and  17.9%  of  patients  after  a  multidisciplinary  approach.  A  change  in
therapeutic management was proposed in 50.3% of patients[128].

CONCLUSION
PNETs are a heterogeneous group of tumors with complicated treatment options that
depend on pathological  grading,  clinical  staging,  and the presence of  symptoms
related to hormonal secretion. With regard to diagnosis, remarkable advances have
been made: CgA is recommended as a general marker for pNETs, whereas specific
hormones  have been suggested to  be  analyzed in  relation to  clinical  symptoms.
However, other new biomarker modalities, like CTCs, NETest, miRNA profile, and
cytokines,  should be clarified in future investigations before clinical  application.
Therefore, the currently available serum biomarkers are insufficient for diagnosis, but
reasonably acceptable in evaluating the prognosis of  and response to treatments
during  follow-up  of  pNETs.  Morphology,  immunohistochemical  staining,
pathological grading, and clinical staging remain the gold standards for diagnosis.
Surgical resection is still the only curative therapeutic option for localized pNETs.
However, a debulking operation has also been proven to be effective for the control of
the disease. As for drug therapy, SSAs are the first-line therapy for those with positive
expression of SSRT, whereas everolimus and sunitinib represent important progress
in the target therapy of patients with advanced pNETs. The best strategy for adjuvant
or neoadjuvant chemotherapy is controversial. However, progress has been achieved
in the combination of systematic therapy with local control treatments. The optimal
timing  of  local  control  intervention,  planning  of  sequential  therapies,  and
implementation  of  multidisciplinary  care  remain  pending.  With  a  clearer
understanding of the genetic and molecular pathogenesis of pNETs, the next decade
of studies will provide new insight into early diagnosis, precise grading and staging
systems, novel drug therapy, and optimal combination with local control therapies.
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