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Abstract
Glucagonoma are rare neuroendocrine tumors arising in the Langerhans islets of the pan-
creas. We report a patient with glucagonoma differentiation into a malignant form after 13 
years. A 63-year-old asymptomatic man was evaluated for an enhancing lesion at the distal 
pancreas. Physical examination was normal. Laboratory values were normal except for an el-
evated serum glucagon level (206 pg/mL, Ref. 50–150). Somatostatin and other tumor markers 
were normal. A PET scan confirmed abnormal uptake at the distal pancreas, correlating with 
a CT scan. The patient underwent laparoscopic distal pancreatectomy with resection of a 2.6-
cm mass which predominantly expressed glucagon. Serum glucagon levels normalized im-
mediately postoperatively. He remained asymptomatic for 13 years with normal blood glu-
cose, glucagon, and chromogranin levels and normal surveillance MRI scans. Thirteen years 
following surgery, an elevated serum glucagon level (230 pg/mL) was observed. At this time 
he also remained asymptomatic. Abdominal MRI and a PET scan revealed hepatic lesions. Bi-
opsy of the hepatic lesion confirmed metastatic glucagonoma. The patient was treated with 
lanreotide, which normalized the serum glucagon levels, and the tumor size remained stable 
for 12 months of follow-up. Complete remission without any treatment for more than 13 years 
confirmed the benign course of the glucagon-secreting tumor. The precipitating factors are 
unknown. This case highlights the importance of continuous monitoring of neuroendocrine 
tumors even beyond 10 years. © 2020 The Author(s).
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Introduction

Glucagonoma is a slow-growing alpha-cell tumor of the pancreatic islet of Langerhans. It 
may appear as a benign, localized tumor, but at least 50% of patients will have metastatic 
disease when diagnosed [1–4]. Rarely, glucagon-secreting tumors may occur in association 
with other tumors in multiple endocrine neoplasia syndrome, although these tumors compose 
less than 3% of glucagonoma cases [5]. These tumors typically occur in the distal pancreas 
and may vary in size from a subcentimeter size to 2.5 cm or larger [1–5].

Generally, patients with glucagonoma may present with symptoms of weight loss and 
new-onset diabetes mellitus; however, these tumors may also cause glucagonoma syndrome, 
mainly characterized by necrolytic migratory erythema, weight loss, and diabetes mellitus. 
We report a rare case of a 2.6-cm glucagon-producing tumor in a 77-year-old male. Following 
pancreatic tumor resection, the patient remained asymptomatic, but 13 years later the patient 
developed hepatic metastasis, which was detected by periodic radiology screening and 
elevated serum glucagon levels.

Methods

All laboratory and imaging studies were performed at Walter Reed National Military 
Medical Center, Bethesda, MD, USA.

Case Report

A 63-year-old man had initially been evaluated 13 years ago for an enhancing mass of 2.6 
× 1.9 × 2.2 cm at the pancreatic tail (Fig. 1a), which was noted on abdominal CT during workup 
of self-limiting abdominal discomfort. The patient also reported a history of hyperlipidemia, 
hypertension, and gastroesophageal reflux. He had no family history of endocrine disorders. 
His medications included atorvastatin, atenolol, and ezetimibe. He had no history of weight 
loss, poor appetite, bloating, nausea, vomiting, or skin rashes. Physical examination revealed 
normal vital signs and normal heart, lung, and abdominal examination results. Skin exami-
nation showed no dermatologic lesions. The initial laboratory values are shown in Table 1.

Fig. 1. a Abdominal CT showing an enhancing mass of 2.6 × 1.9 × 2.2 cm at the pancreatic tail. b Immunohis-
tochemical staining was positive for glucagon.
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Glucagonoma was suspected on the basis of elevated glucagon levels (206 pg/mL; Ref. 
50–150; Table 1). Somatostatin and other tumor markers, including CA 19-9, carcinoem-
bryonic antigen, and alpha-fetoprotein, were normal. Positron emission tomography (PET) 
and octreotide scintigraphy confirmed an abnormal uptake at the distal pancreatic tail (SUV 
of 1.2, compared to the rest of the pancreas with an SUV of 0.7), correlating with the CT scan 
findings. The patient underwent laparoscopic distal pancreatectomy with resection of a 
2.6-cm mass that predominantly expressed glucagon and a lesser amount of gastrin with 
immunohistochemical staining (Fig. 1b). There was also small-vessel invasion and evidence 
of tumor extension into the peripancreatic fat and with neoplastic cells reacting strongly to 
chromogranin and glucagon. After surgical resection, the serum glucagon level in the 
peripheral venous blood and intraoperative splenic vein dropped to <50 pg/mL, confirming 
successful removal of the tumor. Additional laboratory tests were performed, which excluded 
multiple endocrine neoplasia 1 syndrome.

The patient remained asymptomatic for the next 13 years. During this time period, he 
underwent periodic screening for recurrence of glucagonoma by measuring serum glucagon 
levels (Fig. 2) and periodic abdominal MRI, and these tests were completely negative. After 
13 years of follow-up, the serum glucagon level rose modestly to 225 pg/mL (Fig. 2), and 
abdominal MRI done at this time revealed a hepatic lesion, demonstrating arterial-phase 
hyperenhancement, contrast washout, and an enhancing pseudocapsule, suspicious for 

Table 1. Laboratory results of various laboratory tests, before and after pancreatic glucagonoma resection, performed when 
the patient presented with hepatic metastasis, and laboratory tests performed 2 months following treatment with lanreotide

Tests (fasting) Preoperative Postoperative At the diagnosis of 
hepatic metastasis

Lanreotide 
therapy

Reference 
range

Glucagon, pg/mL 206 50 225 89 50–150
Glucose, mg/dL 98 91 108 109 74–106
Insulin, mIU/mL 10.5 6.2 17.8 7.2 2.6–24.9
Gastrin, pg/mL 129 42 37 77 0–115
Pancreatic polypeptide, pg/mL 129 294 214 168 0.0–418.0
Vasoactive intestinal polypeptide, ng/mL 33 24.4 29.7 32.4 0–58.8
Chromogranin, ng/mL 14 8.5 10 95.3 0–101.8

Fig. 2. Graph showing serum glu-
cagon levels over time.
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hepatic metastatic disease (Fig. 3a). The PET scan showed intense gallium-68 DOTATATE 
uptake in multiple hepatic lesions with more mild scattered osseous activity in the ribs and 
right proximal femur, concerning somatostatin receptor-expressing metastatic disease 
(Fig. 3a). The liver biopsy showed a metastatic well-differentiated neuroendocrine tumor. On 
immunohistochemistry, the neoplastic cells exhibited immunopositivity for chromogranin 
and synaptophysin and immunonegativity for Hep Par 1, CK7, and CK20, further supporting 
the diagnosis. Additionally, immunostaining of the tissue specimen confirmed glucagonoma 
(Fig. 3b), and the tumor in the current specimen was morphologically consistent with meta-
static disease derived from the previously reported well-differentiated glucagonoma of the 
pancreas (Fig. 1b). A glucose tolerance test done at this time confirmed impaired glucose 
tolerance, and hemoglobin A1c was 6.3% (Ref. 4.0–6.0). A serum amino acid panel resulted 
normal.

The patient was treated with lanreotide 120 mg subcutaneously every 4 weeks, resulting 
in normalized glucagon levels (Fig. 2). The treatment was continued for the next 12 months, 
and the hepatic lesions stabilized and the serum glucagon levels remained normal while the 
patient continued remaining asymptomatic. He was also receiving denosumab treatment 
because of the skeletal metastasis. Presently, the plan is to initiate peptide receptor radio-
ligand therapy with Lutathera (lutetium 177Lu DOTATATE) if he shows a poor response to 
lanreotide therapy, as shown by serum glucagon levels and/or progression of hepatic metas-
tasis.

Discussion

Glucagon-secreting tumors, which account for 2% of islet cell tumors, are rare neuroen-
docrine pancreatic tumors with an estimated incidence of 1 in 20 million [1–7]. Although the 
diagnostic criteria for glucagonoma have already been established by Stacpoole [2], its rare 
incidence often hampers diagnosis and surgical intervention, especially when atypical mani-
festations are present. It is also important to realize the fact that the median time between 
the onset of glucagonoma and diagnosis varies from 3 to 4 years [6]. Of the various clinical 
features, necrolytic migratory erythema most likely can lead to an early diagnosis [6]. In our 
patient, the diagnosis was established by an incidental finding of a pancreatic mass occurring 

Fig. 3. a PET scan showing intense uptake in multiple hepatic lesions. b Immunostaining of the tissue speci-
men confirmed glucagonoma.
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in association with modestly elevated serum glucagon levels. Furthermore, additional mani-
festations of glucagonoma may include glossitis, diarrhea, thromboembolic complications, 
and psychiatric manifestations [8,9]. Less common manifestations include heart failure, 
cardiomyopathy, and paraneoplastic features associated with tumoral secretion of proglu-
cagon-derived GLP-1 and GLP-2 peptides, which may result in hyperinsulinemic hypogly-
cemia and marked gastrointestinal dysfunction [9]. Generally, the diagnosis of glucagonoma 
is considered with significant hyperglucagonemia (>500 pg/mL). However, our patient had 
no clinical features of glucagonoma, and this may have been related to lower levels of serum 
glucagon. Moderately elevated serum glucagon levels can be seen in hepatic cirrhosis, 
prolonged fasting, renal failure, and familial hyperglucagonemia; these disorders were 
excluded in our patient.

In a recent report, Eldor et al. [10] reported on 23 patients with glucagon-secreting 
tumors seen over 20 years. In this series of cases, only 50% of the patients had symptoms, 
and, intriguingly, no correlation between serum glucagon levels and the hormone-related 
syndrome was apparent [10]. This discrepancy may have resulted from overdiagnosis owing 
to the identification of immunoreactive glucagon fractions with reduced activity [10–12].

Glucagon-secreting tumors are usually diagnosed based on symptoms and elevated 
serum glucagon levels. Generally, glucagon levels >500 pg/mL are seen in patients with 
glucagon-secreting tumors, and cross-sectional imaging of the pancreas (CT or MRI) can 
be performed. Since the majority of pancreatic neuroendocrine tumors are characterized 
by the presence of somatostatin receptors along the cell membrane, functional imaging 
using the somatostatin analog can detect the tumor. Although these scans can provide 
functional information, they have several limitations [13]. A somatostatin analog using 
98Ga-DOTATATE PET/CT has higher sensitivity, specifically compared to octreotide 
scanning. Since neuroendocrine tumors of the pancreas are associated with alanine 
precursor uptake decarboxylase, 18F-DOPA PET offers higher sensitivity than either CT or 
octreotide scanning alone [13]. 18F-DOPA PET scanning also provides more relevant infor-
mation for the clinical management of patients. Our patient had a PET scan when he 
developed hepatic metastasis, and this scan corresponded to MRI findings and thus guided 
the somatostatin analog therapy.

Surgery, involving complete resection of the tumor, is currently the only method to 
cure glucagonoma. In patients with hepatic metastasis, transarterial embolization and 
radiofrequency ablation can be utilized. Somatostatin analogs are useful in these patients. 
Chemotherapy such as with temozolomide, capecitabine, sunitinib, and everolimus can 
be used in patients with metastatic disease [14, 15]. In a meta-analysis, Satapathy and 
Mittal [15] concluded that treatment with 177Lu-DOTATATE led to a better objective 
response, disease control rate, and longer progression-free survival than treatment with 
everolimus. Furthermore, 177Lu-DOTATATE therapy had a better safety profile [15]. 
However, in our patient, lanreotide treatment was initiated when hepatic metastases 
were detected, and the patient presently remains asymptomatic with no progression of 
hepatic metastases.

Our patient had microscopic tumor extension initially. However, the most interesting 
part of our case is the recurrence of the tumor after a prolonged period of time while the 
patient was remaining asymptomatic and having normal serum glucagon levels. Current 
clinical guidelines recommend that following tumor resection these patients be followed for 
a maximum duration of 10 years. However, based on our case, a longer period of surveillance 
may be needed. The exact pathogenesis of malignant transformation after a prolonged period 
of time remains unknown.
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