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Incidental detection of pancreatic neuroendocrine tumors (PNETS) has substantially increased over
the last decade due to widespread use of advanced imaging studies. Reliable initial imaging-based
characterization is crucial for the differential diagnosis from other exocrine neoplasms and to
determine the appropriate management plan. Measurements of chromogranin A, pancreatic
polypeptide, and calcitonin are recommended for the biochemical evaluation. A thorough medical
history needs to be performed to rule out multiple endocrine neoplasia (MEN) type 1. The
European Neuroendocrine Tumor Society (ENETS)/Tumor Node Metastasis (TNM) staging
system together with a grading based on the Ki-67 proliferation index and mitotic counts has
proven to give more appropriate prognostic information than the World Health Organization
(WHO)/American Joint Committee on Cancer (AJCC) TNM staging but may still fail to safely
differentiate benign from malignant lesions. Poorly differentiated PNETSs generally present with
metastases and are rarely amenable for resection. Well- or intermediately differentiated tumors >2
cm with imaging evidence of malignancy or with a Ki-67 >2% should be resected. It has been
suggested that non-MEN related, nonfunctioning, and asymptomatic PNETs <2 cm with a Ki-67
index <2% carry a low risk of metastasis and may be observed in the absence of clinical or
radiologic criteria of malignancy or progression, especially in older patients. However, because
metastases may occur with long delay with smaller PNETS, physicians should consider patient
age, lesion location, and the risks of operation, and patients not undergoing surgery need to be
closely followed closely.

Introduction

Knowledge on the biology, diagnosis, localization, and treatment of pancreatic
neuroendocrine tumors (PNETS) has dramatically grown in recent years, and several papers
have been published addressing different areas. In a recent publication in this journal, Vinik
provided a comprehensive review and described advances in PNET diagnosis and treatment
(1). In this review, we aim to focus on the current state of image characterization,
biochemical evaluation, molecular categorization, and management of PNETS that present as
pancreatic /ncidentalomas (P1s).

Pls were first described by Kostiuk et al as a pancreatic tumor discovered serendipitously
when performing an imaging test for symptoms unrelated to the pancreatic mass (2). Most
Pls are discovered by percutaneous ultrasound (US) or computed tomography (CT), while
some tumors may be discovered by endoscopic US (EUS). Incidental detection of pancreatic
lesions has substantially increased over the last decade due to widespread use of advanced
imaging studies such as multidetector row CT (MDCT) and magnetic resonance imaging
(MRI) for diagnosing various conditions in the abdomen. In a recent study of 15,185
patients, the incidence of nonfunctioning PNETS increased twofold in the last few years (3).

The overall Pl incidence is between 0.01 and 0.6% (4); however, when analyzing the
pancreatic resection series, between 6 and 23% are incidentally discovered pancreatic
neoplasms (5). Approximately 48 to 60% of the lesions are solid, 24 to 50% are malignant,
and 20 to 47% are considered premalignant or potentially malignant. Cystic neoplasms
(including intraductal papillary mucinous neoplasms [IPMNSs], mucinous cystic neoplasms
[MCNs], and serous cystadenomas [SCAS]) or solid lesions such as PNETSs and
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intrapancreatic accessory spleen are commonly encountered Pls. The true incidence of
neuroendocrine Pl is not known; however, based on the largest series of PI, we can estimate
that PNETSs account for 9 to 19% of cases. Table 1 shows the diagnostic distribution of Pls
reported in different series (6-9).

PNETSs are rare tumors that arise from the islet cells. They represent 2% of all pancreatic
neoplasms, with a reported incidence of about 3 per million. PNETs <5 mm, called
microadenomas, may occur in up to 10% in autopsy studies and account for 9 to 19% of Pls
(10,11). PNETSs may be functioning or nonfunctioning. Functioning tumors secrete a variety
of hormones that cause specific syndromes. The clinical syndromes related to these tumors
are specific enough to guide the biochemical work-up. Nonfunctioning tumors produce
nonspecific peptides such as chromogranin A or may secrete low amounts of hormones, with
pancreatic polypeptide and calcitonin as the most frequent. The lack of specific symptoms
for nonfunctioning PNET may result in a late diagnosis with regional compressive or
invasive symptoms (1,12).

Most PNETS are sporadic, but they may be associated to familial syndromes including
multiple endocrine neoplasia (MEN) type 1, von Hippel-Lindau, type 1 neurofibromatosis
(von Recklinghausen), and tuberous sclerosis complex. PNETSs occurring as part of these
syndromes are not considered PlIs.

Imaging Characteristics

Reliable initial imaging-based characterization of Pl is crucial to determine appropriate
management (Fig. 1). Many nonfunctioning PNETS are detected on imaging studies and are
now more common than functioning tumors. In a cohort of 148 patients with surgically
verified PNET lesions, 60 (40%) were detected as Pls (13). In various clinical investigations
assessing PNET diagnosis, MDCT and MRI have shown mean sensitivities of 73% (ranging
from 63-82%) and 93% (ranging from 85-100%), respectively, and corresponding
specificities of 96% (ranging from 83-100%) and 88% (ranging from 75-100%) (14).

The majority of PNETSs are discovered in the body or tail and often display arterial
enhancement. Approximately 17% have calcifications, and are generally solid. Cystic
tumors are relatively rare, comprising 6.9% in a recent large series of PNETSs (15). Larger
lesions and PNETSs in patients with familial syndromes more often show cystic changes (13).
The latter can masquerade as other cystic pancreatic lesions. Unlike other pancreatic cysts,
cystic PNETS present a uniform thick or irregular enhancing wall. Rarely (3%), these may
present as thin-walled unilocular cysts that morphologically overlap with other cystic lesions
such as pseudocysts, IPMNs, MCNs, or oligocystic SCAs. In these cases, further work-up
with EUS and fluid analysis might be needed to reach a diagnosis (16). At presentation, 50
to 90% of nonfunctioning PNETSs are malignant, but unlike ductal adenocarcinomas, they
have a more indolent behavior and better prognosis. (17) In a solid tumor, size >3 cm, duct
dilatation, vascular invasion, enlargement of peripancreatic lymph nodes, and calcification
are suggestive of malignancy. A cutoff size of 2 cm has a positive predictive value (PPV) for
malignancy of 44%, whereas 3 cm increases the PPV to 61% (13).
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Other incidental pancreatic lesions that should be considered in the differential diagnoses of
solid PNETSs are solid SCAs and intrapancreatic accessory spleen. On MRI, intrapancreatic
accessory spleen can be diagnosed reliably because its signal and enhancement patterns
follow that of the spleen (18). SCAs are benign cystic lesions with variable features such as
polycystic, honeycomb, or oligocystic morphology. SCA with unusually small microcysts
and hypervascular cyst linings can appear as hypervascular solid lesions on contrast-
enhanced MDCT. On MRI, hyperintensity on T2-weighted images and subtle microcystic
patterns on delayed contrast-enhanced images can help distinguish SCA from PNETSs and
intrapancreatic accessory spleen; nevertheless, it can be difficult to differentiate them in
preoperative images (19).

Because 50 to 90% of pancreatic PNETS express somatostatin receptors, functional imaging
such as octreotide scintigraphy or single-photon emission computed tomography (SPECT)
or positron emission tomography (PET)/CT with radioactively labeled somatostatin analogs
such as 68Ga-DOTA-TOC/TATE/NOC can be helpful in diagnosing PNETS or their
metastases when CT or MRI findings are equivocal; their sensitivities for PNET detection
range from 75 to 100% (20-21).

Cystic lesions constitute approximately 52% of incidental pancreatic lesions, with a
prevalence of 19.9% on MRI and 1.2 to 2.6% on MDCT (22-25). Though the majority of
incidental pancreatic cysts are benign, premalignant and frankly malignant lesions do occur.
Therefore, characterization of the cystic lesion is equally essential to appropriately stratify
patients with a higher risk of malignancy (26). Pancreatic cysts are broadly categorized into
mucinous and nonmucinous cysts, with the common mucinous lesions having lower
potential for aggressive behavior. Infrequent nonmucinous cysts including cystic PNETs and
solid pseudopapillary epithelial neoplasms (SPENSs) also present malignant potential.
Detailed morphologic assessment of each cystic lesion is beyond the scope of this review;
however, overall morphologic features on imaging that may apply to most lesions suggestive
of aggressive behavior are summarized in Figure 1.

Most cystic lesions are benign or low grade unless any worrisome or high-risk features are
noted. On the other hand, solid lesions need to be pursued for PNETSs and may require
functional imaging, clinical assessment, or invasive procedures.

Biochemical Diagnosis of PNETS

Once the presence of a PNET has been suggested by imaging studies as a pancreatic
incidentaloma, 2 main questions arise: (1) Is it functioning? and (2) Is it benign or
malignant? Most patients with incidental PNETS are asymptomatic; however, it is difficult to
define whether the tumors are truly nonfunctional or are being detected at an earlier stage in
which hormonal secretion is still insufficient to result in an overt clinical syndrome. A recent
study from a single institution revealed that biochemical evaluation that included fasting
serum levels of chromogranin A, pancreatic polypeptide, glucose, insulin, gastrin, and
glucagon could detect functional PNETS in asymptomatic patients. Among 119 patients
with PNETS, 53 (44.5%) were found to have functional tumors by endocrine evaluation, and
only 28 (24%) presented with symptoms of hormonal hypersecretion. In the 53
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asymptomatic patients with biochemical and immunohistochemical analysis results
consistent with functioning tumors, 31 (58%) had insulin-producing tumors (27).

Recommendations on how to evaluate nonfunctioning and functioning PNETS are well
established (1). Both the North American (NANETS) and European (ENETS)
Neuroendocrine Tumor Societies recommend analysis of chromogranin A in both
nonfunctioning and functioning tumors, as well as measurement of specific hormones such
as insulin, C-peptide, pro-insulin, gastrin, glucagon, vasoactive intestinal peptide,
parathyroid hormone-related protein, adrenocorticotropic hormone, and somatostatin based
on clinical manifestations (28,29). However, recommendations on how to evaluate small,
asymptomatic, incidental PNETS are not as clear. Until more experience is gained on how
these small tumors present and a consensus is reached, measurement of chromogranin A is
recommended in all patients, as well as perhaps pancreatic polypeptide and calcitonin. It is
important to take a thorough medical history to rule out MEN type 1. Less clear is the
measurement of specific hormones. While these measurements are currently recommended
only upon clinical suspicion, physicians should be aware of a potential subclinical syndrome
and take a detailed clinical history noting any incipient symptoms of hormonal
hypersecretion. The high prevalence of asymptomatic insulin hypersecretion in a Canadian
study (27), other reports of asymptomatic insulinoma (30), and the nonspecific
characteristics of hypoglycemic symptoms raise the question whether measurement of
fasting glucose, insulin, and pro-insulin should be done in all patients in addition to
chromogranin A testing. Measurements of pancreastatin and neurokinin A have also been
suggested to assess prognosis (1,31). Prospective studies are needed to determine the role of
these tests in patients with Pls.

Staging and Grading

The disease spectrum of PNETSs extends from poorly differentiated carcinomas, which are
rapidly progressive and seldom resectable, to small, apparently innocent nodules that could
remain unchanged for years (1). In 2006, the ENETS provided a TNM staging system for
classification foregut NETs (stomach, duodenum, and pancreas), together with a grading
based on the Ki-67 proliferation index and mitotic count (MC), which was followed by
similar classifications for other NETs (32,33). Grade 1 (G1) depicted tumors with Ki-67
index <2% or MC <2/10 high-power fields (HPF); grade 2 (G2) tumors with Ki-67 index of
3t0 20%, or 2 to 20 MC/10 HPF; and grade 3 (G3) tumors with Ki-67 index >20% or >20
MC/10 HPF. The WHO 2010 (UICC/AJCC) classification used the ENETS Ki-67 and MC-
based grading to distinguish low grade 1 (G1) and intermediate grade 2 (G2) well-
differentiated NETs (WDNETS) from poorly differentiated grade 3 (G3) neuroendocrine
carcinoma (PDNEC). The original Ki-67 cutoff index was changed to <3% for G1, and 3 to
20% for G2 (33,35). Modification of the ENETS T stage was done to facilitate inclusion of
nonpathology criteria and permit accurate clinical staging (36). The WHO/AJCC TNM
system adopted a different staging developed for pancreatic exocrine tumors, using
peripancreatic extension as criteria for T3 tumors, whereas ENET staging relied on the more
reproducible tumor size (37). When evaluated in a large international cohort of PNETS the
ENETS TNM staging proved to be superior to the WHO/AJCC system in accurately
predicting survival, and grading was the second most effective independent predictor of
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survival in the absence of staging information (38). Further revision of the Ki-67 cutoff
values to 5% has been suggested to better separate G1 and G2 tumors and to correlate more
accurately with prognosis for PNETSs (and other GI-NETS) (36,39). The index to separate
G2 and G3 has been suggested to change to 15% because there is a group of WDNETSs with
a Ki-67 index >15% that may benefit from platinum-based chemotherapy (37,40).

Fine Needle Aspiration Biopsy (FNAB)

FNAB has been used in the cytologic diagnosis of primary and metastatic PNETs for many
years. It is typically guided by transcutaneous or increasingly also by EUS (EUS-FNAB),
which is successful at identifying up to 90% of PNETSs. The diagnosis of PNETS has been
improved by a US-guided transcutaneous semifine needle cutting biopsy technique that
allows immunostaining of tissue biopsies with Ki-67/MIB antibodies and other markers. An
automatic tissue biopsy machine with a 1.2-mm needle (achieving a tissue block of 2,000
cells) has been routinely used for Ki-67 grading, often from metastases (41).

A new technique for obtaining EUS-guided tissue samples has been developed, referred to
as EUS-guided fine-needle tissue acquisition (EUS-FNTA) to distinguish it from EUS-
FNAB, is also increasingly used. EUS-FNTA with a19-gauge needle has been shown to be
safe, feasible, and highly accurate for both diagnosis and Ki-67 determination (41). The
EUS-FNTA technique has shown diagnostic accuracy of 93.3% and capability of measuring
Ki-67 expression in 86.6 to 92.9% of cases. It has been suggested to be especially valuable
in evaluating nonfunctioning PNETS (42). Importantly, no complications have been reported
with these needle biopsies, but tissue sampling from lesions in the head of the pancreas and
uncinate process may require a transduodenal approach. Preoperative determination of the
Ki-67 proliferation index may prove crucial to management decisions in many cases, and the
technique should be considered for obtaining tissue core samples in patients with suspected
nonfunctioning PNETSs based on imaging studies. The same technique may also be useful
for obtaining samples for molecular characterization.

Molecular Biology

Approximately 45% of sporadic PNETS show loss of protein expression of DAXX and
ATRX, which corresponds to mutations in the DAXXand ATR.X genes that are crucial for
telomere maintenance (37,43-45). The nuclear transcription factor islet-1 (isl1) and
pancreatic duodenal homeobox 1 (PDX-1) are additional markers (36). Cytokeratin 19
(CK19), regarded as a marker of ductal lineage in the pancreas, is sometimes expressed by
PNETSs and has been suggested as marker of more aggressive behavior (37).

Expression of p53 is positive in both small-cell (100%) and large-cell poorly differentiated
neuroendocrine carcinoma (90%), but it is negative in well-differentiated PNETS (37,45). Rb
protein expression is lost in 60 to 90% of PDNECs. In contrast, Bcl2 protein is
overexpressed in PDNEC but negative in G1 tumors and variably expressed in G2 PNETS
(37,45). The mammalian target of rapamycin (mTOR) pathway integrates signals from
growth factor tyrosine kinases receptors for epidermal growth factor, insulin growth factor,
vascular endothelial growth factor, and cytokines acting through the phosphoinositide 3-
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kinase (PI3K)/Akt system, in regulating cell growth, metabolism, cell division, and
angiogenesis (37,45). Approximately 15% of PNETSs have genetic mutations affecting
mTOR cell signaling pathway proteins (37,43). PNETSs have also high vascularity and
overexpress VEGF and its receptors (37). Recently, elucidating PNET molecular biology has
garnered considerable interest for the possibility of new treatment options and individualized
treatment of unresectable tumors (37,43,46).

Surgical Management

Functional PNETSs should be resected. If a solid PNET is not functional, the optimal
treatment depends on its size. Although there is no clear size criterion to warrant surgery,
considering their potential for malignancy, lesions =2 cm are most commonly recommended
for resection (47).

The goal in any pancreatic resection is to effectively eradicate the tumor while preserving as
much pancreatic parenchyma as possible. For small lesions not located near the pancreatic
duct, enucleation may be effective and low risk. Larger lesions in the head of the pancreas or
close to the pancreatic duct are best treated with a Whipple procedure
(pancreaticoduodenectomy). Similarly, larger lesions or those near the pancreatic duct that
are in the pancreas body and tail are best treated by distal pancreatectomy. For larger lesions
in the body of the pancreas, a central pancreatectomy can be considered, but the risks of
complications are higher than for a Whipple or distal pancreatectomy (48). It is generally
accepted that resection of the primary tumor improves survival, even in the face of
metastatic disease (1).

Nonoperative Treatment

Dating back to 2006, Falconi et al (49) stated “no data exist with respect to a positive effect
of surgery on overall survival in small (<2 cm), possibly benign or intermediate-risk
pancreatic endocrine tumors,” a view supported in a 2012 review article by Minter and
Simeone (50). A series of powerful publications from Italy has sequentially and logically
laid a solid foundation for conservative management of these small, nonfunctioning,
incidentally discovered PNETS. Starting in 2009, based on careful histologic and
clinicopathologic criteria of 155 tumors, none of the proposed 49 stage 1 tumors developed
malignancy during follow-up. The authors commented that “...small, well-demarcated
tumors detected with modern imaging techniques raises the issue of whether an invasive
therapeutic approach such as pancreatic surgery is indeed needed.” Using the improved
TNM staging and a histopathologic grading system (ENETS-TNM stage with Ki-67
grading), Scarpa and colleagues reported 5-year survivals for stages 1 to 4 of 100, 93, 65,
and 35% respectively in 274 operated patients. Falconi and colleagues (51) published results
of pancreatic parenchyma-preserving resections including enucleations and middle
pancreatic resections. Whereas the incidence of exocrine/endocrine insufficiency was limited
to 8%, recurrence was also 8%, morbidity remained excessive at 58%, and 70% of the
middle pancreatectomy patients suffered intra-abdominal complications. Bettini (52)
reported on 90 patients with resected tumors <2 cm of whom 51 were incidentally
discovered. Only 6% were demonstrated to be malignant, and 100% of the patients survived.
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They proposed “a nonoperative management could be advocated for tumors <2 cm when
discovered incidentally.” Corroborating the Italian experience was a recent publication by
Crippa and colleagues (53) that included 12 patients who were managed nonoperatively with
a 36-month follow-up and no disease progression. A sobering note, however, was that 30%
of incidentally discovered nonfunctioning PNETS present with stage 3 or 4 disease.
Birnbaum et al (54) reported a 92% disease-free survival for asymptomatic, nonfunctioning
PNETs <2 cm in size, although 9% had positive lymph nodes. They concluded that their
experience could support a selective nonoperative approach.

Lee et al (55) reported on 77 PNET patients, followed nonoperatively, with a mean tumor
size of 1.0 cm and a mean of 45 months of follow-up. Median tumor size did not change
throughout the follow-up period, and there was no disease progression or disease specific
mortality. However, the prevailing surgical opinion is probably best expressed by Haynes
and colleagues (56). After reviewing the experience at the Massachusetts General Hospital,
they wrote “Patients with incidentally discovered, nonfunctioning PETs should undergo
neoplasm resection and careful postoperative surveillance, even if surgical pathologic
findings suggest benign disease. No size cutoff exists beyond which malignancy can be
safely excluded.” The data supporting a conservative, even nonoperative management
recommendation is undeniable, but thoughtful criteria should be developed to guide clinical
practice, optimally through a clinical trial. Patient age is an important consideration. The
suggested criteria for conservative or nonoperative management are shown in Table 2.
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Asymptomatic patient with an
incidental pancreatic lesion
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High risk stigmata: >1
cm with enhancing
solid component, MPD
210 mm

Surgical consult
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Fig. 1.

68Ga-DOTA-TOC/
NOC/TATE PET/CT

MPD involvement

Flow-chart for imaging work-up of incidental pancreatic lesions. CT = computed
tomography; MPD = main pancreatic duct; MR/ = magnetic resonance imaging; NET =

neuroendocrine tumor; PDAC = pancreatic ductal adenocarcinoma; PET = positron emission

tomography; SCA = serous cystadenoma.
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Table 1
Final Pathologic Diagnosisin Recent Series of P2

Typeof tumor | Winter etal (6) | Sachsetal (7) | Bruzonietal (8) | Lahatetal (9)

Adenocarcinoma | 19 (16) | 20 (18) | 17 (30) | 16 (25)
PNETs 11 (9) 14 (13) 11 (19) 10 (16)
Benign 7 N/A 7 7
Malignant 4 N/A 4 3
IPMN 42 (36) 22 (20) 5(9) 15 (23)
Adenoma 23 19 2 13
Carcinoma 19 3 3 2
Cystadenoma 20 (17) 20 (18) 11 (19) 10 (16)
Serous N/A 15 7 --
Mucinous N/A 5 4 10
Other | 2@ | m:en | sBey | 1B
Total | 118 | 110 | 57 | 64

Page 13

Abbreviations: IPMN = intraductal papillary mucinous neoplasm; Pl = pancreatic incidentaloma; PNET = pancreatic neuroendocrine tumor.

a
Data are shown as n or n (%)
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Table 2
Suggested Criteria for Nonoper ative Management of PNETs

eT<2cm

« Ki-67 <2% (or equivalent by mitotic count)

* Asymptomatic

« No clinical or radiologic criteria of local invasion, LN, or distant metastasis (ENETS TNM stage 1)

Abbreviations: ENETS = European Neuroendocrine Tumor Society; LN = lymph node; PNET = pancreatic neuroendocrine tumor; TNM = tumor
node metastasis.
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