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Pancreatic Neuroendocrine Tumor Invading the Stomach
and Spleen: A Case Report
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Abstract

Pancreatic neuroendocrine tumors are a rare group of heterogene-
ous neoplasms. Approximately half have metastasized by the time
of diagnosis, most commonly to the liver. We present the case of an
88-year-old female who presented with syncope. Imaging revealed a
large pancreatic mass. She was found to have a pancreatic neuroendo-
crine tumor directly invading the stomach and spleen with liver and
lymph node metastases. This case demonstrates the rare occurrence of
gastric invasion by a pancreatic neuroendocrine tumor.
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Introduction

Pancreatic neuroendocrine tumors (PNETSs) arise from the hor-
mone-secreting islet cells, and account for 1-2% of all pancre-
atic neoplasms. The most common site of PNET metastases is
to the lymph nodes at 50%, followed by liver at 30% [1]. Liver
metastasis is the most common cause of death in PNET. Me-
tastasis to the spleen is observed in 10% [1]. Gastric involve-
ment is less common and the precise incidence is not reported.
We present the case of a PNET invading both the stomach and
spleen.

Case Report

An 88-year-old female with a past medical history of diet-
controlled type 2 diabetes mellitus, hypothyroidism, hyper-
lipidemia, osteoporosis and unknown cardiac arrhythmia
presented to the emergency department (ED) for witnessed
syncopal episode. She was found to have orthostatic hypoten-
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sion in the setting of poor PO intake. She reported 2 years of
intermittent, non-localized abdominal discomfort without oth-
er associated gastrointestinal (GI) symptoms. Fifteen months
prior she had a CT abdomen at an outside facility which she
reported showed a small abdominal “lesion” that was never
fully investigated.

CT abdomen in the ED showed a 5.9 x 6.5 x 5.1 cm mass
near the splenic hilum involving the pancreatic tail extending
to the spleen. The mass occluded the splenic artery and vein
resulting in splenic infarcts. There was also a 4 x 3.3 x 2.8
cm para-aortic heterogeneous mass and several low-density
hepatic lesions measuring up to 3.5 cm (Fig. 1).

Serum chromogranin A (CgA) level was elevated at 447
ng/mL. Carbohydrate antigen (CA) 19-9, carcinoembryonic
antigen (CEA) and lactate dyhydrogenase (LDH) were within
normal limits. Core biopsy of the para-aortic mass revealed
well-differentiated neuroendocrine tumor (NET). The tumor
cells were positive for synaptophysin, chromogranin and pan-

Figure 1. Coronal section on CT abdomen. CT revealed multiple splen-
ic infarcts, a mass in the pancreatic tail and splenic hilum, as well as a
para-aortic mass.
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Figure 2. Somatostatin receptor PET imaging. Increased radiotracer
uptake was observed in the pancreatic, hepatic and para-aortic mass-
es.

cytokeratin. The Ki-67 was less than 3%. Somatostatin recep-
tor positron-emission tomography (PET) imaging showed in-
tense radiotracer uptake in the previously-observed pancreatic,
para-aortic and hepatic masses (Fig. 2).

The patient underwent distal subtotal pancreatectomy,
splenectomy, partial gastrectomy, cholecystectomy and resec-
tion of both of two liver lesions. The liver lesions and para-aor-
tic mass were metastatic NETs. There was extensive venous
invasion of medium-sized veins at the pancreatic margin. The
tumor infiltrated the spleen (involving 60% of its pulp) and
stomach (involving 10% of its serosa). One of 13 examined
gastric regional lymph nodes was involved. The tumor exhib-
ited average mitotic rate of 9 mitoses/mm?, and proliferative
index of 15% by Ki67. Pathology revealed a grade 2 tumor
with pathological stage classification pT4, pN1 and pMla.
The patient tolerated the procedure well and was discharged
on post-operative day 6. She was followed up at an outside
facility.

Discussion

The pancreas is an organ with both exocrine and endocrine
functions. The cells of the exocrine pancreas produce diges-
tive enzymes and tumors arising from these cells are gener-
ally adenocarcinomas. The endocrine functions are served by
the hormone-secreting islet cells. These cells compose 1-2%
of the pancreas by volume. PNETs arise from the hormone-
secreting islet cells, and account for 1-2% of all pancreatic
neoplasms. These tumors may also be referred to as pancre-
atic islet cell tumors. The incidence of PNET, estimated at <
1/100,000 in the USA, has slowly risen over recent decades
due in part to increased awareness and improved imaging mo-
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dalities [2]. PNET can be functioning (hormone-hypersecret-
ing) or non-functioning. Insulinomas are the most common
functioning PNETSs, followed by gastrinomas, glucagonomas,
somatostatinomas and VIPomas [3]. Patients with function-
ing PNET commonly present in earlier stages with symptoms
due to hormone hypersecretion. Conversely, patients with
non-functioning PNET typically present with abdominal pain
or nausea when the tumor is larger. Patients with functional
PNET typically have a favorable prognosis because they are
diagnosed at earlier stages. Approximately 90% of PNETs are
sporadic, whereas 10% are observed in patients with a famil-
ial endocrine tumor syndrome [3]. These syndromes include
multiple endocrine neoplasia 1 (MENT1), tuberous sclerosis,
neurofibromatosis type 1 and von Hippel-Lindau disease. The
average time between tumor development and diagnosis has
been reported at 5 - 10 years. Compared to exocrine tumors,
PNETs have a favorable prognosis. Nonetheless, excluding in-
sulinomas, 50-60% of PNETs have metastasized by the time
they are diagnosed [4].

Splenic metastasis from any primary tumor is a rare phe-
nomenon. It is hypothesized that the splenic microenviron-
ment is hostile to tumor cells. Splenic metastases are usually
indicative of widespread disease. Both metastasis and invasion
of PNET to the spleen have been reported [5, 6]. Invasion of
the splenic vein appears to be more common than to the pulp.
Invasion of the splenic vein may account for one route of he-
matogenous spread. In one series of 273 patients with PNETSs,
17% had preoperative CT evidence of major vascular involve-
ment [7]. The portal vein was most commonly involved; 1.4%
involved the splenic vein. Occlusion of the splenic vein pre-
disposes to splenic infarction. Infarction can be caused by ex-
trinsic compression of the vessel, torsion of the vessel or tumor
invasion into the vessel. Infarction has led to splenic rupture in
several reported cases of pancreatic adenocarcinoma [8]. In the
case of our patient, CT demonstrated multiple splenic infarcts.

Numerous circulating biomarkers have been studied in
PNET. CgA, 5-hydroxyindoleacetic acid (5-HIAA) and neu-
ron-specific enolase (NSE) have perhaps been studied most
extensively. Measurement of CgA level is clinically useful.
CgA is a secretory protein produced by NET cells. Unlike
5-HIAA, CgA is released by both functioning and nonfunc-
tioning tumors. Elevations in NSE typically reflect high tumor
burden, somewhat limiting its utility. The degree of CgA level
elevation is correlated to extent of disease. Furthermore, trend-
ing CgA is useful in both monitoring recurrence and response
to therapy. Of note, renal failure and proton pump inhibitors
are associated with artificially elevated levels of CgA. In this
case, somatostatin receptor PET imaging contributed to the di-
agnosis of NET.

The Ki-67 index and mitotic count are used to classify and
prognosticate PNET. Tumor nomenclature follows the 2010
WHO classification which distinguishes NET G1, NET G2,
neuroendocrine carcinoma and mixed adenoneuroendocrine
carcinoma. Grade 1 is defined as mitotic count <2 per 10 high-
power fields (HPF) or Ki-67 index < 3%. Grade 2 is defined
as mitotic count between 2 and 20 per 10 HPF or Ki-67 index
between 3% and 20%. Neuroendocrine carcinoma is defined
as mitotic count > 20 per 10 HPF or Ki-67 index > 20%. It is
important to recognize that significant discordance can exist in
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the Ki-67 index between samples taken from the same tumor.
This can be multifactorial, but in many instances, is due to
intratumoral heterogeneity. When discrepancy exists between
grading based on mitotic count and Ki-67 index, the higher
grade is used.

The treatment strategy of PNET generally requires mul-
tidisciplinary care. The expertise of medical, radiation and
surgical oncology, as well as endocrinology, gastroenterology
and interventional radiology, may each be of use. Surgery with
curative intent is first-line treatment in low-to-intermediate
grade tumors. Surgical resection of metastases is performed
when possible. There are numerous options for medical man-
agement. First-line treatment are the somatostatin analogs
which include octreotide and lanreotide. Adjuvant agents in-
clude everolimus, sunitinib, interferon (IFN)-a, bevacizumab
and cytotoxic agents (in advanced disecase). Platinum-based
chemotherapy is first-line treatment for metastatic high-grade
tumors.

In this case, the patient was treated surgically. It is un-
known what medical treatments if any she may have received
following discharge. Given her metastases (including lymph
node), discussion should have been held about adjuvant thera-
py. Once she was transferred to the surgical service, it became
unclear from chart review what medical treatments she was
offered. It would have behooved the treatment team to have
presented the case at a tumor board.

Her case represents a common presentation for a PNET,
with some exceptions. The fact that she presented with dehy-
dration is not unusual for PNET. This was likely partly due
to her diminished appetite and progressive vague abdominal
discomfort. She experienced no further syncopal episodes fol-
lowing her initial presentation. It should also not be surpris-
ing that her disease was metastatic at the time of discovery. It
would be informative to know exactly what was observed on
her abdominal CT scan 15 months prior. It is unknown over
what period of time her disease progressed. The sequence of
progression is also unknown in this case. We speculate that
gastric invasion was a later event. Anecdotally, gastric inva-
sion appears uncommon when compared to hepatic and even
splenic involvement.

Whether her tumor was functional or non-functional also
remains unknown. She did not demonstrate obvious symptoms
of a functional PNET; however, testing for hormone hyper-
secretion was not performed. More relevant to her prognosis
is the fact that the tumor grade was upstaged from G1 to G2
based on surgical pathology. While the Ki-67 index was < 3%
on initial core biopsy of a para-aortic lymph node metastasis,
the Ki-67 index of the primary tumor was 15%. As mentioned
previously, discrepancy in staging based on Ki-67 index is
not an unusual phenomenon. Consensus does not yet exist on
exactly which factors are best for prognostication. Our un-
derstanding of PNET behavior is rapidly evolving. As PNET
awareness and detection continue to increase, additional in-
sight will be gained.
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