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ABSTRACT

Background: Nonfunctional pancreatic neuroendocrine tumors (NF-pNETSs) are increasingly being diagnosed but management,
especially of small tumors, remains a clinical dilemma. Endoscopic ultrasound guided fine-needle aspiration (EUS-FNA) is
now routinely used for diagnosis of pancreatic neuroendocrine tumors (pNETs) but has not been well studied as a tool for
identifying aggressive disease. Materials and Methods: A systematic search of the cytology database identified all patients
at our center who underwent EUS-FNA from 1999 through 2011 and were diagnosed with NF-pNET. Results: A total of
50 patients were identified. Though patients with metastatic disease had a mean tumor size of 40 mm compared to 25 mm
in patients without metastatic disease (P = 0.04), we also identified several patients with tumors <20 mm who presented
with metastatic disease. Furthermore, we found no statistically significant difference in metastatic disease between tumors
<20 mm and >20 mm (P = 0.13). Using receiver operating characteristic (ROC) analysis, we found that using a cutoff point
of 20 mm only led to a sensitivity of 85% in screening for metastases, while lowering the cutoff point to 18 mm allowed for
a sensitivity of 95%. Conclusion: Currently, guidelines suggest that only patients with tumors greater than 20 mm undergo
surgical resection, as tumors less than this size are thought to have low risk of metastases. Our analysis suggests that these
recommendations could lead to undertreating patients with small tumors. Tumor size alone may be inadequate as a marker
for aggressive NF-pNETs. Given this, other risk factors for aggressive pNETs should be studied to help identify the patients
most likely to benefit from surgery.
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Pancreatic neuroendocrine tumors (pNETS) are rare
but increasingly diagnosed, with an incidence of 0.1-1.5
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cases/100,000 in the USA, and account for roughly
5% of all pancreatic tumors."* Though less aggressive
than pancreatic adenocarcinomas, pNETs are not as
indolent as previously thought, with a 5-year survival
rate of 27%-35% for patients in the USA according
to the Surveillance, Epidemiology, and End Results
(SEER) database and 43% for patients in Norway. ['*7
Surgery is the only curative treatment, and the overall
5-year survival for resected pNETSs is estimated at
83%.5 Diagnosis and management of pNETSs remains
challenging; review of SEER has shown that survival
for all neuroendocrine tumors (NETs) has not improved
between 1973 and 2002." Endoscopic ultrasound guided
fine-needle aspiration (EUS-FNA) is minimally invasive
and may be a valuable tool not only for preoperative
diagnosis of pNET, but also for identifying tumors
most likely to metastasize.

Little information exists about the oncogenesis of
NETs, but they can be part of hereditary syndromes
such as multiple endocrine neoplasia type 1 (MEN
1) and von Hippel-Lindau.” Many NETs are found
incidentally; however, even in patients with symptoms,
the time to diagnosis averages 7 years.'"”! Nonfunctional
pNETs (NF-pNETs) frequently present incidentally or
with symptoms secondary to mass effect or after liver
metastasis. As a result, they tend to present at a later
stage, or at a larger size, and with a higher incidence
of metastases compared to functional pNETs.'! The
estimated detection rate of cross-sectional imaging
studies for pNETs depends greatly on size, and is
roughly 50% for tumors less than 1 cm and greater
than 70% for tumors larger than 3 cm.""" Once a
pancreatic lesion is identified, the current approach
for lesions of unclear etiology is EUS-FNA, which
offers the ability to further characterize the lesion and
to sample the lesion for cytology.""* Early studies of
EUS-FNA demonstrated a sensitivity of 79%-100%
for the diagnosis of pNET. Current guidelines
recommend a combination of cross-sectional imaging
and EUS-FNA for evaluation of suspicious pancreatic
lesions. 5212

Tumor size is a crucial factor in the algorithm of
management of NF-pNETs, and TNM staging
systems have taken the place of older pathology-
based classification systems.>**! Both the European
Neuroendocrine Tumor Society (ENETS) and the
International Union for Cancer Control/American
Joint Cancer Committee/World Health Organization
(UICC/AJCC/WHO) stratify the primary pNET into

less than or greater than 2 cm.? Guidelines suggest
that patients with tumors greater than 2 cm undergo
surgical resection, as these have been shown to have
higher rates of metastases.[**’]

The present study investigates risk factors for
metastases of NF-pNETs at the time of EUS-FNA
in a tertiary care center. Specifically, we evaluated risk
factors for metastatic disease on EUS examination,
cytopathology, and patient characteristics to help guide
decision-making in patients with NF-pNETs and
identify the patients most likely to benefit from surgery.

MATERIALS AND METHODS

Before the initiation of the study, approval from
the Institutional Review Board of the Hospital of
the University of Pennsylvania was obtained. All
patients who underwent EUS-FNA from January
1, 1999 to December 31, 2011 at the University of
Pennsylvania and were diagnosed with pNET were
identified by interrogation of the cytology database.
Inpatient and outpatient electronic and paper medical
records were reviewed to assess information that was
available regarding demographics, clinical presentation,
laboratory findings, radiography, EUS findings, and
fine-needle aspiration (FNA) cytology. Relevant imaging
reports, including ultrasound, computed tomography
(CT) scan, and magnetic resonance imaging (MRI),
were reviewed for descriptions of metastatic disease.
Endosonographers had access to all clinical data prior
to EUS exam. For some patients, detailed clinical data
were not available.

All EUS examinations were performed by one of
four experienced gastroenterologists with at least 500
prior pancreatic examinations. EUS examinations
were performed in the left lateral decubitus position
with Olympus GF-UM160 radial side-viewing
echoendoscopes at ultrasound frequency of 5-20
MHz and Olympus GF-UC140P-AL5 FNA side-
viewing echoendoscopes at ultrasound frequency of
5-10 MHz (Olympus, Center Valley, PA, USA). The
endosonographic data recorded included echogenicity,
size, margins, lymph node status, status of vessels,
cytology and, when available, histology. Number of
EUS-FNA passes and selection of biopsy site were
up to the discretion of the endosonographer. When
tumor size was not recorded on EUS reports, size was
gathered from surgical pathology or imaging reports
as available. FNA was performed with the Cook
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EUSN-3 Needle (Cook Medical, Bloomington, IN,
USA). A cytopathologist was present on site in most
cases to assess for specimen adequacy and to provide
preliminary cytology diagnosis when possible; a final
cytology diagnosis was later reported with confirmatory
stains, and the concordance between the preliminary
and the final diagnosis was compared.

Statistical analysis was performed using chi-square
tests, Fisher’s exact tests, £tests, and receiver operating
characteristic (ROC) curve on the Stata (StataCorp, College
Station, TX, USA) software program when appropriate.

RESULTS

A total of 50 patients were found to have NF-pNETs.
As seen in Table 1, 29 patients were male and 21 were
female; the age range was 35-89 years (mean 60 +/—
12.9). Nineteen patients (38%) presented with either
abdominal pain or weight loss or both. Eleven patients
(22%) had incidentally found masses, 10 patients

Table 1. Baseline characteristics of the 50 patients
with pancreatic neuroendocrine tumor and
EUS-FNA, 1999-2011

(20%) presented with jaundice, and 5 patients (10%)
did not have adequate records regarding presentation.
Five patients (10%) underwent screening EUS, three
of whom had a previous diagnosis of carcinoid
syndrome and two of whom had previously confirmed
MEN syndrome and were sent for evaluation because

of symptoms of gastroesophageal reflux disease
(GERD).

The average tumor size was 30.8 mm (range
9-124 mm). Nineteen patients had metastatic disease:
9 patients had metastases to the liver and lymph
nodes, 5 to the liver alone, and 5 to the lymph nodes
alone. The most common primary tumor location in
the pancreas was the head (64.7%), followed by the
body (19.6%) and the tail (15.7%) by EUS. The most
common characteristics on EUS examination were
solid and hypoechoic. However, only 12 examinations
described the endosonographic image as consistent with

pNET.

Preliminary cytology from EUS-FNA was consistent
with pNET in 21 of 50 cases (42%). One patient
had a peripancreatic lymph node biopsied rather
than the primary tumor. Four of the tumors were
so large (two estimated at greater than 40 mm, two

Variables estimated at greater than 60 mm by EUS) that the
Age (years) 60 (SD=12.9) . . .
Males, n(%) 29 (58.0%) EUS operator was not able to identify the margins;
Primary symtoms the size estimate came from either surgical pathology
Pain or Weight loss 20 (39.2%) or MRI. One patient did not have size recorded on
Asymptomatic 11 (21.6%) EUS or available imaging and did not have surgical
Jaundice 10 (19.6%) pathology available, and was excluded from analyses
Screening (Known carcinoid or MEN ) 5 (9.8%) of tumor size.
Unknown 4 (9.8%)
Tumor location
Head 32 (64.0%) 127 *
Body 10 (20.0%)
Tail 8 (16.0%) o0
EUS mass characteristics "
Mean size of lesion on EUS, mm (range)* 30.8 (9-124)
Solid 32 (62.7%) E ol
Solid and cystic 10 (19.6%) B
Cystic 1 (2.0%) E
No report 8 (15.7%) 50 1
Metastatic disease 19 (38.0%)
Lymph node only 5 (10.0%)
Liver only 5 (10.0%) *1
Both 9 (18.0%)
Surgery 26 (52.0%) P WETS
Whipple 12 (24.0%)
Distal pancreatectomy & splenectomy 9 (18.0) Figure 1: TL}mor 'size in'patients with no metastases is comparec! to
. tumors size in patients with metastases (liver or lymph node). Quartiles
Enucleation 5 (10.0%) are indicated by the box with the median being the line in the box and
Chemotherapy 11 (22.0%) the mean being the symbols within the box. The whisker ends are the
*Mass characteristics were only available for 49 patients. min and max, excluding the outliers, indicated by a (+)
I ENDOSCOPIC ULTRASOUND / JAN-FEB 2016 / VOL 5 | ISSUE 1 @
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Twenty-six (52%) patients underwent surgery, 25 at
our institution. Twelve patients underwent Whipple,
9 distal pancreatectomy and splenectomy, and 5
enucleation of the tumor. Of the 23 cases that had
surgical pathology available, final cytology from EUS-
FNA was consistent with pNET in 22 cases (96%),
while surgical pathology was consistent with pNET
in all cases. Eleven (21.6%) patients went on to have

chemotherapy.

As seen in Table 2, patients with any metastatic disease
had a mean tumor size of 40 mm by EUS compared to

Table 2. Comparison of patients with and without
metastases to liver or lymph nodes

Metastatic No metastatic P
disease disease value
N=20 N =30
Age (mean) 58.1 (35-81) 61.2 (40-89) 0.42
Male 13 16 0.38
EUS size 40.0 (17.5-124)  25.0 (9-54.7) 0.04
High grade lesion 3 2 0.33
(poorly differentiated)
Tumor location 1
Head 12 20
Body 4 6
Tail 3 5
Non-incidental 17 22
presentation
Symptomatic 16 18 0.36
Screening (Known 1 4
Carcinoid or MEN)
Incidental 2 9 0.17
Surgery 10 16 1
Chemotherapy 11 0 <0.001
125 r
100 4
E 75
£
50
254
No Iive‘r METS Liver 'METS

Figure 2. Tumor size in patients with no metastases is compared to
tumor size in patients with metastases to liver only. Quartiles are
indicated by the box with the median being the line in the box and the
mean being the symbols in the box. The whisker ends are the min and
max, excluding the outliers, indicated by a (+)
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patients without metastatic disease, mean tumor size 25
mm (P = 0.04). Figure 1 presents a boxplot comparing
tumor size between the two groups. There was no
statistically significant difference in symptoms between
the two groups. Table 3 reveals that there was no
significant difference in size by EUS between patients
with liver metastases compared to patients without
liver metastases (P = 0.07). However, patients with
liver metastases were significantly less likely to present
incidentally (P = 0.02). Figure 2 compares tumor
size between the two groups. When NF-pNETSs were
divided into tumors <20 mm and >20 mm [Table 4|,
the cutoff point above which guidelines recommend
considering surgery, there was no statistically significant
difference in metastatic disease (P = 0.13), and three
patients with metastatic disease on presentation had
primary tumor size less than 20 mm. In addition,
there was no difference in symptoms at presentation in
patients with size greater than 20 mm and those with
size less than 20 mm.

An ROC analysis [Figure 3] was performed to
determine the sensitivity and specificity of using
various tumor size cutoff points above which
patients should undergo further evaluation for
metastatic disease. We found that using a cutoff
point of 18 mm would allow for a sensitivity of
95% and a specificity of 40% for any metastatic
disease. At 20 mm, the sensitivity decreased to 85%
and the specificity increased to 46.7%. For liver
metastases only, an 18-mm cutoff point allowed for
a sensitivity of 93% and a specificity of 34%, while
the sensitivity decreased to 86% and the specificity
increased to 43% at 20 mm.
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Figure 3. ROC curve analysis to determine the sensitivity and specificity
of using various tumor size cutoff points above which patients should
undergo further evaluation for metastatic disease
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Table 3. Comparison of patients with and without
liver metastases

Liver No liver P
metastasis metastasis value
N=14 N =36
Age (mean) 54.6 (35-81) 62.1 (40-89) 0.06
Male 10 19 0.34
EUS size 43.2 (17.5-124)  25.9 (9-54.7) 0.07
High grade lesion 2 3 0.27
Tumor location 0.53
Head 9 23
Body 4 6
Tail 1 7
Non-incidental 14 (100%) 25 (69.4%)
Presentation
Symptomatic 13 21 0.64
Screening (known 1 4
carcinoid or MEN)
Incidental 0 11 0.02
Surgery 6 20 0.53
Chemotherapy 9 2 <0.001

Table 4. Comparison of tumors <20 mm and >20 mm

<20 mm 220 mm P
(N=17) (N =33) Value
Age (mean) 60.9 (41-86) 59.5 (35-89) 0.71
Male 8 21 0.37
Any metastasis 3 16 0.13
Liver metastasis 2 12 0.06
High grade lesion 0 5 0.28
Tumor location
Head 11 21 1
Body 3 7
Tail 3 5
Non-incidental 11 (64.7%) 28 (84.9%)
presentation
Symptomatic 9 25 0.61
Screening 2
Incidental 6 5 0.15
Surgery 7 19 0.37
Chemotherapy 2 9 0.29
DISCUSSION

The average tumor size of 30.2 mm in our study is
similar to the tumor sizes seen in recent studies but
smaller compared to older studies from the 1980s,
where patients with NF-pNETs typically presented with
tumors larger than 50 mm.*"* This may be a result of
an increased use of cross-sectional imaging leading to
earlier diagnosis of NF-pNETSs. Patients in our study
had more aggressive disease, with 38% presenting with
metastases, compared to 15% of patients in the SEER
database.’ Furthermore, there was no significant
decrease in metastatic disease for tumors <20 mm
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compared to tumors >20 mm; our analysis revealed
three patients with metastatic disease on presentation
who had primary tumor size less than 20 mm. Two of
these patients were not surgical candidates due to the
extent of their disease and were treated with systemic
chemotherapy.

Our ROC analysis suggests that the current
recommendations of using 20 mm as the cutoff point
for evaluating for metastatic disease may be relatively
insensitive and potentially could lead to undertreating
patients with tumors of this size. Though our study
is relatively small, it suggests that tumor size alone
may be inadequate as a prognostic marker for which
patients are more likely to need aggressive management.
Given this, other risk factors for aggressive NF-pNETS
should be studied to help identify patients most likely
to benefit from earlier surgery.

There are some important limitations to our study.
The application of this data is unclear in areas
where EUS experience is low. Performance of EUS,
interpretation of the image to suspect a pNET, and
the ability to aspirate sufficient tissue using FNA are all
operator-dependent. The reliability of cytology is often
dependent on the institution, and bedside interpretation
is not available at all centers. Finally, although the
goal is to ultimately alter management strategies as
appropriate to improve morbidity and mortality, this
could not specifically be addressed. The study is a
retrospective chart review and it is therefore difficult to
make reliable conclusions about outcomes.

EUS-FNA is a valuable diagnostic tool early in the
evaluation of a pancreatic mass, especially where the
diagnosis is uncertain. In cases where the diagnosis
is clear based on endosonographic appearance and
other clinical markers and pathology will be available
through surgery, EUS-FNA may not be necessary. In
some cases, however, differentiating NF-pNET from
pancreatic adenocarcinoma is difficult, and surgical
and medical management depend on tissue diagnosis.
Furthermore, EUS-FNA may play an increasingly
valuable role not only in diagnosis but also in disease
prognosis as more tumor markers for aggressive disease
are identified.’" Larger studies should continue to
analyze the prevalence of metastatic disease at various
tumor sizes in order to determine the ideal cutoff point
above which tumors can reliably be considered to be
aggressive. In addition, other molecular and cytological

markers for aggressive disease should be studied.
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