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Abstract Von Hippel-Lindau disease (VHLD) is an
autosomal dominant familial syndrome associated with
multiple neoplasms. Medical management of pancreatic
lesions is still controversial, especially for pancreatic
neuroendocrine tumors (NET). We report an experience of
total pancreatectomy for multiple pancreatic neuroendo-
crine tumors in a VHLD patient, and discuss the indication
of surgical treatment. The patient was a 33-year-old Japa-
nese female with a medical history of VHLD-associated
tumors. At 27 years of age, abdominal computed tomog-
raphy revealed a number of strongly enhanced round
tumors throughout the pancreas. She underwent total pan-
createctomy with portal vein resection because of back
pain and an increase of tumor size. Pathological exami-
nation reconfirmed the diagnosis of multiple pancreatic
NET invading the portal vein. She has been well with
intensive insulin therapy and has shown no recurrence of
NET for more than one year. This is a rare case of total
pancreatectomy with portal vein resection for treatment of
pancreatic NET in a VHLD patient. Total pancreatectomy
is a viable option for treatment of multi-centric or exten-
sive pancreatic NET because of a favorable prognosis of
NET after radical surgical treatment.
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Introduction

Von Hippel-Lindau disease (VHLD) is an autosomal
dominant familial disorder caused by a germline mutation
of the VHL tumor suppressor gene, and is characterized by
benign and malignant tumors affecting multiple organs,
including the central nervous system, kidney, adrenal
grand, pancreas, and reproductive system [1]. The pan-
creatic lesions occur in 40-60% of VHLD patients and they
are mostly cystic with a notable incidence of serous cyst-
adenoma [1-3], a benign tumor without need for specific
treatment [1].

By contrast, pancreatic neuroendocrine tumors (NET)
occur in 8-18% of VHLD patients [1, 2]. In VHLD disease
patients, NET are exclusively hormone-inactive [1-3], and
surgical treatment is sometimes required to prevent local
invasion and distant metastasis. However, when surgery
should be recommended and what type of surgery should
be chosen are still problems.

Case study

A 33-year-old Japanese woman had suffered back pain for
seven years. She was referred to our institute because
multiple solid tumors in the pancreas had gradually
increased in size, which was pointed out at 27 years of age.
She had a medical history of treatment for a variety of
VHLD-associated tumors, including a pancreatic NET
surgically resected at 14 years of age, hemangiomas of the
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Fig. 1 Contrast-enhanced abdominal computed tomography. a The
mass in the pancreatic head is heterogeneously enhanced and appears
to invade the portal vein (arrowheads). b Multiple pancreatic masses
are shown in the pancreatic body and tail (arrows) and are
heterogeneously enhanced

fourth ventricle and cervical spinal cord operated at
19 years of age, and a renal cell carcinoma of the right
kidney treated by nephrectomy at 30 years of age.

Mutational analysis of the VHL gene, performed using
DNA extracted from her peripheral blood cells according
to a previously reported method [4], revealed a G-to-A
point mutation at nucleotide 500 (exon 1) resulting in an
Argl67Glu amino acid substitution. Her father and elder
brother were also diagnosed with VHLD, with her father
having a medical history of two surgical resections for
pancreatic NET and associated metastatic recurrence in the
liver.

Blood tests showed increased serum levels of amylase
(146 U/1, normal range; 40-115 U/l) and lipase (121 U/,
normal range; 13-60 U/I). There was no abnormality in
serum levels for gastrointestinal and pancreatic hormones
and tumor markers for NET, such as neuron-specific
enolase. Abdominal computed tomography (CT) revealed
multiple solid mass lesions throughout the pancreas
(Fig. 1). These lesions were round with irregular align-
ment, strongly enhanced at the marginal region, and
heterogeneously enhanced within the tumors. The tumor

in the pancreatic head had a maximum diameter of
4.1 cm and appeared to invade the portal vein (Fig. la).
Positron emission tomography with ['*F]fluorodeoxyglu-
cose (FDG-PET) and FDG-PET-CT revealed positive
signals for FDG accumulation in the pancreas, but no
significant signal in other organs (Fig. 2). The maximum
standardized uptake value (SUVmax) is high and differs
among tumors, ranging from 9.0 to 16.3. Endoscopic
retrograde cholangiopancreatogram failed to show the
main pancreatic duct, but demonstrated narrowing of the
common bile duct because of compression by the tumor
in the pancreatic head. Fine needle aspiration biopsy was
not performed because of the risk of hemorrhage from the
tumor with abundant blood flow shown by the abdominal
CT.

She underwent total pancreatectomy and the preoper-
ative diagnosis was multiple malignant NET. Laparotomy
revealed that the mass of the pancreatic head had partly
invaded the portal vein but was totally removed by portal
vein resection. Pathological investigation of the resected
specimen showed that the mass lesion was composed
of round tumor cells with oval nuclei and slightly
eosinophilic cytoplasm growing in a nested pattern and
surrounded by an abundance of blood vessels (Fig. 3a).
The tumor cells had invaded the wall of the portal vein,
but had not eroded the inner surface (Fig. 3b). No
metastasis in peripancreatic lymph nodes was found.
Immunohistochemical studies revealed that the tumor
cells were positive for synaptophysin and chromogranin
A. Mitosis was rarely observed, but positive staining for
Ki-67 was observed in 1-10% of tumor cells. Taken
together, these findings provide evidence for diagnosis of
well-differentiated neuroendocrine carcinoma according to
the WHO classification system.

Following the operation, watery diarrthea appeared
because of pancreatic exocrine insufficiency, but subsided
with oral administration of a large amount of digestive
enzymes. She was discharged on the 30th postoperative
day. She has been well with intensive insulin therapy and
has shown no recurrence of NET for one year.

Discussion

To our knowledge, this is the third reported case of a
VHLD patient with pancreatic NET that was treated with
total pancreatectomy. Total pancreatectomy is a rarely
chosen treatment option for pancreatic NET in VHLD
patients. A large study of 633 VHLD patients from a single
institute reported only two total pancreatectomies among
39 patients who underwent definitive pancreatic surgery
[2]. Total pancreatectomy combined with portal vein
resection, as performed in our case, for pancreatic NET in a
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Fig. 2 ['®F]fluorodeoxyglucose-positron emission tomography with
computed tomography. A number of positive signals for ['*F]fluoro-
deoxyglucose accumulation are seen in the entire pancreas. The
SUVmax ranges from 9.0 to 16.3

VHLD patient is extremely rare, and provides an invalu-
able instance of successful radical surgical treatment.

Generally, VHLD patients are subjected to many sur-
gical operations during their lifetime, because of the
occurrence and recurrence of a variety of tumors in various
organs. Therefore surgical treatment may be avoided and
careful observation may be chosen. However, operation is
necessary when the tumor has high malignancy potential,
because it improves the prognosis of patients with malig-
nant pancreatic NET [5, 6].

In this case, the radiological images were suggestive of
malignant nature of pancreatic NET. First, the size of the
tumor was large with the maximum diameter of 4.1 cm.
When the tumor size is greater than 3 cm, the tumor has an
increased risk of liver metastasis and a shorter doubling
time [2, 3]. Second, the pancreatic NETs were enhanced
heterogeneously on CT. Typically, contrast-enhanced CT
demonstrates pancreatic NET as a homogeneously hyper-
vascular mass. In the present case, however, the tumor
is heterogeneously enhanced, which possibly reflects
the irregularity of the vascular structure, perfusion, and

@ Springer

Fig. 3 Pathological examination. a The tumor is composed of round
cells growing in a nested pattern and surrounded by an abundance
of blood vessels. b Tumor cells invade the wall of the portal vein
(arrows) but do not erode the inner surface of the portal vein.
L, lumen of the portal vein

permeability, and also necrosis within the tumor, indicating
the malignant potential of the pancreatic NET [3]. Third,
the significant accumulation of FDG in pancreatic NET
was demonstrated on FDG-PET-CT. A positive signal
suggests that a tumor is likely malignant with high prolif-
erative activity, while indolent pancreatic NET generally
fails to show a positive signal [7].

A mutation in exon 3 of the VHL gene is reported to be
associated with the malignant potential of pancreatic NET
[2]. Our case showed a mis-sense mutation in exon 1, but
not in exon 3 of the VHL gene. Further investigation of
genotype—phenotype correlations with a large number of
patients may provide the information necessary to deter-
mine the appropriate treatment option for pancreatic NET
in VHLD patients.

In cases when surgical treatment is required, less-inva-
sive surgery should be chosen to maximize preservation
of pancreatic and neighboring organ function [8]. In the
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present case, however, the pancreatic tumors in the body
and tail displayed heterogeneous enhancement, which is
similar to the tumor in the pancreatic head. For this reason,
the decision was made to resect all tumors by total
pancreatectomy.

In conclusion, total pancreatectomy with portal vein
resection was successfully achieved in a VHLD patient
with pancreatic NET. The postoperative course was
uneventful and the patient has been well more than one
year after the surgery. Radical and curative resection
should be considered for treatment of malignant pancreatic
NET to improve the prognosis of VHLD patients with
pancreatic NET.
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