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History

Glucagonoma and the glucagonoma syndrome were eluci-
dated over several decades, due to the condition’s rarity. The
syndrome’s first description in 1942 was published in the
Archives of Dermatology by Drs. Becker, Kahn, and Roth-
man, dermatologists in Chicago. They described a patient
with a malignant pancreatic islet cell tumor, with a migrating
erythematous rash, glossitis, stomatitis, diabetes, anemia,
weight loss, depression, and venous thrombosis [1]. The next
publication of a similar case did not appear until 1960, by
Gossner and Korting [2]. In this report, a tumor extract was
described to have a hyperglycemic effect. Several more pub-
lications appeared in the 1960s, including Dr. McGavran’s
classic description published in the New England Journal of
Medicine [3].

Meanwhile, the Russian physician V. C. Zhadanov had
described an identical syndrome in a patient with a malig-
nant islet cell tumor 10 years earlier [4]. It seems as though
most of these authors were unaware of the prior publications,
and at that time, the rash had not been given its current name,
so the respective authors were labeling it as something else.
Therefore, these individual case reports were not recognized
as being related until the 1970s [5].

In 1971, Dr. Darrell Wilkinson presented a patient with a
psoriaform rash and a pancreatic tumor with hepatic metasta-
ses before the Dermatological Section of The Royal Society
of Medicine of London [6]. Several of the physicians pres-
ent recognized the combination of symptoms and physical
findings as strikingly similar to ones present in patients they
had treated. Based on discussions held during this meeting,
one of these patients underwent a laparotomy and was found
to have a limited pancreatic tumor. Post resection, the rash
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is reported to have improved within hours, and disappeared
within a week. The patient’s diabetes and anemia soon re-
solved, and weight gain ensued. Pathology demonstrated a
pancreatic islet cell tumor, which contained glucagon. Mea-
surement of plasma glucagon was 20 times normal preopera-
tively, and normalized post-op [5].

Word of these cases was spread through the British Der-
matological Association, and a total of nine similar patients
were identified. This series of nine was published in 1974,
establishing the defining characteristics of the glucagonoma
syndrome [7].

Glucagonomas are pancreatic neuroendocrine tumors
that arise from pancreatic islet alpha cells. They are most
well known for the paraneoplastic glucagonoma syndrome
that they produce. The first descriptions of the syndrome ap-
pear in the dermatologic literature, since the development of
a classic rash eventually occurs in nearly all patients. This
rash, coined necrolytic migratory erythema (NME) by Dr.
Wilkinson in 1973, is in fact the most likely reason for sus-
pecting the underlying pathology. While the disease is ex-
ceedingly rare, with an incidence of only 1 in 20 million, it is
very well described, in part because of its uniqueness. In ad-
dition to NME, the common features include hyperglycemia,
anemia, thromboembolic disease, weight loss, depression,
and stomatitis. Typically, patients present in the fifth or sixth
decade, and there is an equal gender distribution.

Historically, most patients with glucagonoma presented
with diabetes and dermatologic manifestations. However,
because of its rarity, the pathognomonic rash associated
with glucagonoma, NME, frequently goes unrecognized.
Thus, these patients are often followed in dermatology clin-
ics for lengthy periods of time prior to having a definitive
diagnosis made. However, a substantial minority of patients
will not have developed the rash prior to being diagnosed.
In fact in the largest single institution review, including 21
patients at the Mayo Clinic, NME was a presenting com-
plaint in only 67 % [8]. For the other 33 %, 7 out of the 21,
presenting symptoms included weight loss, abdominal pain,
diarrhea, and Zollinger—Ellison syndrome. Another series of

317



318

P.J. Mazzaglia

18 cases reported in the British literature by Frankton and
Bloom, similarly identified NME at presentation in 72 % [9].
A second less frequent method of presentation is the finding
of an incidental pancreatic lesion, or evidence of metastatic
disease, identified on cross-sectional imaging obtained for
other purposes.

Necrolytic Migratory Erythema

The rash is characterized not only by its appearance and ten-
dency to migrate but also by its distribution. The name given,
necrolytic migratory erythema, is based on both clinical and
histologic characteristics of the rash. Dr. Wilkinson’s pub-
lished series contained nine patients with what was consid-
ered glucagonoma syndrome [10] (Fig. 1).

It typically originates in the perineum and lower abdo-
men, but may also present in the perioral area or lower ex-
tremities, especially the feet. Involvement of the thorax and
upper extremities is rare. It also commonly causes angular
cheilitis and glossitis, with “vermilion discoloration” of the
tongue [5].

At the time of its initial appearance, the rash appears as
a slightly raised, erythematous patch, which spreads within
several days. Initially, it resembles an area of scalded skin,
with overlying dead epithelium. Often the rash is mistaken
for psoriasis, pemphigus, or eczema. Because it causes sig-
nificant skin fragility, the epidermis is easily rubbed off,
leaving raw, weeping surfaces. Especially prone to this, are
areas of high friction, such as the perineum and feet. Other
affected areas may develop superficial blisters and crusting.
It is frequently painful and pruritic.

Typically, as the edge of the lesion spreads, the central
areas heal with hyperpigmentation. The migrating edge of
the rash tends to have a very well-demarcated appearance
that is slightly raised. The process of spreading with central
healing takes on a cyclical pattern lasting 7—14 days. There
do not appear to be any exacerbating factors [11].

In some instances, the rash follows a more indolent pat-
tern, with a smoldering central necrosis that becomes sec-
ondarily infected, usually with Candida or Staphylococcus
aureus [12]. Perineal involvement in women causes urethral
inflammation leading to urinary tract infection. In intertrigi-
nous areas, the rash becomes more lichenified and psoria-
form due to the repetitive friction [13].

The histologic changes of necrolytic migratory erythema
are pathognomonic. The findings are confined to the epider-
mis, where there is necrosis and necrolysis in the most super-
ficial half of the epidermis. Vessicles or bullae form as the
dead layer separates from the deeper viable layer. Neither
evidence of an immune basis for the rash nor evidence of an
ischemic origin has been established. The light microscopic

Fig. 1 a and b Necrolytic migratory erythema. (Photos courtesy of Dr.
Janice Pasieka and Dr. Steve Urbanski)
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patterns described by Kheir et al. include (1) superficial epi-
dermal vacuolization and necrosis, (2) subcorneal pustule
formation, (3) vascular dilatation of the papillary dermis,
and (4) psoriaform hyperplasia with confluent parakerato-
sis [11, 14]. The findings may mimic those of acrodermatitis
enteropathica, pellagra, kwashiorkor, fatty acid deficiency,
and hypoalbuminemia. On electron microscopy, there is cy-
toplasmic vacuolization with degeneration of nuclear struc-
tures. There is widening of intercellular spaces, and the cells
are smaller and have pyknotic nuclei [11].

Several theories as to the cause of the rash include activa-
tion of lysosomes in the middle layer of the epidermis, or as
a result of abnormal keratinization. In order to successfully
make the diagnosis, a biopsy must be taken from the edge of
a fresh lesion so as to avoid the secondary changes seen in
the areas of infection [15, 16].

Oral ulcers, angular cheilitis, and tongue involvement
have been reported with variable frequency. In one of the
first series by Mallinson, they were present in almost 90 %
of patients, but more recent studies suggest their prevalence
in 30% [7, 8, 9]. Uncommon dermatologic findings include
nail dystrophy, onycholysis, and paronychial swelling, as
well as blepharitis and alopecia [12, 13].

Diabetes

The majority of patients will have impaired glucose toler-
ance, which may occur before the rash develops, by months
or years. It is often mild, and able to be controlled through
diet or oral agents. Diabetic ketoacidosis is not a feature. The
typical peripheral and systemic manifestations of diabetes
have not been documented in glucagonoma patients. These
patients have a degree of hyperinsulinemia, which is thought
to counteract the hyperglucagonemia, and they may have a
normal glucose tolerance test until very late in the disease

[17].

Anemia

Virtually all patients will have a normochromic normocytic
anemia. Its severity correlates with the extent of disease,
worsening with tumor progression, and the development
of hepatic metastases. The degree of anemia also fluctuates
with the activity of the rash, often approaching normal levels
when the rash is quiescent. The exact cause of the anemia is
unclear, and it does not seem to be related to iron deficiency.
Bone marrow exams in these patients have not revealed ab-
normal erythropoiesis. Some have suggested a direct bone
marrow suppressive effect of glucagon [8].

Venous Thrombosis

Thromboembolic events have been reported in up to 30%
of cases [7, 18], and are a presenting symptom in 11-14%
[8, 9].

Weight Loss

Weight loss is a common finding in most patients with gluca-
gonoma, much more so in those with hepatic metastatic dis-
ease, as would be expected. It has been reported in 56-91%
of patients [8, 19-22]. It is thought that the catabolic effects
of glucagon are responsible for this finding. As with the ane-
mia, weight seems to improve when the rash recedes.

Depression

Psychiatric symptoms occur in roughly 20% of patients.
They include depression, dementia, psychosis, decreased
cognitive function, agitation, nervousness, insomnia, ataxia,
and muscle weakness [11]. Optic atrophy may occur, leading
to decreased visual acuity [23, 24].

Uncommon Symptoms

Other symptoms that have been documented in these pa-
tients, but are not typical, include intermittent diarrhea.
There are no commonly detected electrolyte abnormalities,
and urinary 5-hydroxyindoleacetic acid (5-HIAA) levels are
normal. Anorexia can be seen as well as abdominal pain. As
with other pancreatic neuroendocrine tumors, the islet cells
are capable of secreting more than one hormone. Those that
have been documented with glucagonomas include insulin,
gastrin, 5-HIAA, pancreatic polypeptide, chromogranin, va-
soactive intestinal peptide, calcitonin, adrenocorticotropic
hormone, and somatostatin [8, 9].

While most glucagonomas are sporadic, there have been
rare reports of them occurring as part of the multiple endo-
crine neoplasia type I (MEN-I) syndrome. [8, 9, 25] These
patients generally present at a younger age, and often do not
suffer from the classic manifestations of the glucagonoma
syndrome, possibly due to earlier detection [11].

There is a subset of patients with glucagonoma who do
not develop NME. They present only with severe diabetes
and a pancreatic neuroendocrine tumor. Interestingly, these
patients also do not develop the other manifestations of the
disease.
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Diagnosis

The average time from initial presentation until diagnosis
is roughly 2 years. Once the diagnosis is suspected, testing
should begin with a plasma glucagon level. Circulating glu-
cagon is comprised of several different sized molecules, all
sharing the same amino terminus. The larger molecules are
felt to represent pro-hormones that are later cleaved. While
normal glucagon levels range from 10 to 120 mmol/mL,
levels in glucagonoma patients have been reported to range
from 500 to 6000 mmol/mL. While certain physiologic con-
ditions such as burns, trauma, and diabetic ketoacidosis can
elevate plasma glucagon, they do not approach the levels
seen in patients with glucagonoma. Box 1 lists many of the
conditions in which hyperglucagonemia can be seen, and
thus these need to be ruled out as possible causes. If the level
exceeds 1000 pg/mL without an obvious secondary cause,
the diagnosis of glucagonoma is highly likely.

Box 1. Causes of hyperglucagonemia [11]
Other islet cell tumors
Cirrhosis

Pancreatic disease

Chronic renal failure
Myocardial infarction
Fasting

Diabetic ketoacidosis
Familial hyperglucagonemia
Celiac disease

Sepsis

Trauma

Cushing’s syndrome
Danazol therapy

There is a significant variability over time. Plasma insulin
levels are often elevated, as is fasting blood glucose. An oral
glucose tolerance test should be performed, and is expected
to be abnormal.

Of historical note, several agents have been shown to stim-
ulate an abnormal rise in plasma glucagon levels. These
include oral glucose, intravenous tolbutamide, and intrave-
nous arginine; however, these maneuvers are not part of cur-
rent clinical practice.

There is a consistent finding of reduced plasma amino acids,
which is unique to this disease. It was first reported by
Mallinson in 1974 [7]. The reduction is felt to be a direct
consequence of the catabolic effect of hyperglucagonemia
[26]. The hormone binds to receptors on hepatocytes and
adipocytes, and regulates carbohydrate, protein, and fat

metabolism. Normally it stimulates gluconeogenesis and
glycogenolysis, which ordinarily aids in the maintenance of
blood glucose levels during fasting, exercise, and stress [26].
At pathologic levels, glucagon promotes amino acid mobili-
zation from tissues to serve as substrate for gluconeogenesis.
Subsequent protein degradation leads to the low amino acid
levels seen in patients with glucagonoma syndrome, and this
in turn may lead to cellular necrosis in the epidermis. This
is one theory on how hyperglucagonemia directly leads to
NME [7].

Tumor location and characteristics: Glucagonomas are
tumors of pancreatic neuroendocrine origin, specifically
alpha-2 islet cells. Primary tumor sizes ranging from 2 to
25 cm have been reported [8]. They are derived from the
embryonic dorsal lobe of the pancreas [5]. The majority are
located in the neck, body, tail, and superior part of the head
of the pancreas.

Once an elevated glucagon level is documented, radiologic
studies, beginning with a pancreatic protocol computed
tomography (CT) scan are indicated. Today’s thin cut CT
scans are highly sensitive, and will also provide images of
the liver. Due to its improved sensitivity and noninvasive
nature, CT scan has replaced celiac angiography, which was
once a common localization technique.

Octreotide scanning has been extensively studied, and was
early on the most utilized method of localization. That role
has been supplanted by CT, however there is still a place for
radioisotope scanning, when searching for suspected disease
in CT negative patients, or when the question of miliary type
hepatic metastases exists.

On histological analysis, cells are of varying sizes. Cells are
pleomorphic, and may be arranged in a glandular trabecular
pattern similar to normal islets, or more of a disorganized
array with areas resembling rosettes and follicles. There are
few mitoses, and the cytoplasm is acidophilic and finely
granular [27]. Electron microscopy reveals the numerous
dense round secretory granules. Immunofluorescence is con-
firmatory that an islet cell tumor indeed is glucagon contain-
ing. They stain positively for both glucagon and pancreatic
polypeptide. Of the islet cell tumors, only glucagonomas are
found to contain substantial levels of glucagon, but these
levels may not be significantly higher than those found in
normal pancreatic tissue. Most are well vascularized.

Thus, definitive pathologic diagnosis depends on the histo-
logic finding of an islet cell tumor which contains secretory
granules that stain positively for glucagon. Determination
of malignancy, as is the case with most pancreatic neuro-
endocrine tumors (PNETS), depends on the finding of local
tumor invasion or the development of metastases. Upwards
of 70% of glucagonomas display malignant behavior [8, 9,
28]. Those that are classified as benign simply may not have
had the time to develop metastases.
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Treatment

As with other pancreatic neuroendocrine tumors, small le-
sions confined to the pancreas can often be enucleated, or
removed with a partial pancreatectomy. Since a large per-
centage of these tumors are malignant, once a diagnosis is
made, the goal should be to resect the primary lesion, in
a timely fashion. While surgical dogma has traditionally
deemed metastatic tumors unresectable, newer studies sug-
gest benefit for many PNET patients, who are candidates for
resection of the primary tumor, and resection or debulking of
hepatic metastases [29].

When complete tumor excision is achieved, patients with
NME experience dramatic and gratifying resolution of their
rash, which occurs within days. Improvement is also seen
in the patient’s anemia, depression, weight, and glucose
tolerance. Even when a patient cannot be rendered disease
free due to metastatic disease, resection of the primary and
debulking of metastases can be very beneficial in terms of
improving the associated paraneoplastic conditions [30-32].

For patients with hepatic metastases that cannot be com-
pletely resected, a combination of surgery and ablation may
be employed. Most studies group all patients with pancreatic
neuroendocrine tumor liver metastases together. In one study
of 63 patients with neuroendocrine liver metastases who un-
derwent laparoscopic radiofrequency ablation, symptom re-
lief was reported in 90% with a median 3.9-year survival.
Intrahepatic recurrences are high [33].

Alternate modalities of treating unresectable liver me-
tastases include hepatic artery embolization with chemo-
therapeutic agents [34], Yttrium-90 resin-based spheres (Sir-
spheres), or glass-based radioembolization (Theraspheres)
[35]. Most studies are retrospective in nature. In a study of
148 patients from 10 institutions, disease response was sta-
ble in 23 % and partial in 61 %, with progression in only 5 %.
Median survival was 70 months [36].

Direct treatment of the rash has been mostly unsuccessful.
Attempts to treat areas of superinfection with topical antibi-
otics are generally of little benefit. Systemic corticosteroids
have also shown little improvement.

For many patients with unresectable disease, or persistent
systemic disease, systemic chemotherapy has traditionally
been used, but with limited efficacy. Agents include dacar-
bazine, 5-fluorouracil (5-FU), and streptozotocin. The latter
has shown a 50 % response rate in a review of 52 patients
[37]. A combination of 5-FU and streptozotocin has given a
60-70 % response rate [38]. However, more typical response
rates are in the 10-20 % range.

Reports of performing pancreatectomy and liver trans-
plantation exist, and have demonstrated long-term disease-
free survival [38, 39].

The treatment of paraneoplastic symptoms preoperatively
or in patients with unresectable disease is highly effective
using somatostatin analogs such as octreotide or lanreotide.
These medications act to lower serum glucagon levels [40].
They are especially effective in controlling NME, where
improvement can be seen in 48—72 h, and near resolution
within 2 weeks. By lowering serum glucagon levels, the
catabolic effects are decreased, and patients are also seen to
gain weight.

Other targeted agents showing potential promise for the
treatment of metastatic pancreatic neuroendocrine tumors
include everolimus (RADOO1), which is an inhibitor of the
mammalian target of rapamycin. In a placebo-controlled trial
of 410 patients, progression-free survival was 11 months in
the everolimus-treated patients versus 4.6 months in the pla-
cebo group [41]. The multi-receptor tyrosine kinase inhibi-
tor sunitinib has also been approved by the FDA for use in
patients with advanced pancreatic neuroendocrine tumors,
after a randomized placebo-controlled trial showed similar
results to the everolimus study [42].

Lifelong surveillance is necessary, as patients are prone to
late recurrences, and routine measurement of glucagon lev-
els is thereby recommended.

Summary

Glucagonoma is one of the rarest types of pancreatic islet
cell neoplasms. It is often malignant, commonly presenting
with hepatic metastases. Its most well-known feature, and
the one that should raise concern for the diagnosis, is necro-
lytic migratory erythema. Associated findings include diabe-
tes mellitus, stomatitis, anemia, weight loss, and depression.
Patients receive significant symptomatic benefit upon tumor
resection, and even in cases when complete tumor resection
is not possible, or there are hepatic metastases, surgery may
be indicated for palliation.

Key Summary Points

o Incidence of glucagonoma is only 1 in 20 million.

e Most patients present with the pathognomonic rash,
necrolytic migratory erythema, and diabetes.

e Recognition is often delayed because of its rarity, and
consequent failure to distinguish the rash from more com-
mon dermatologic conditions.

e Treatment for limited disease is surgical with rapid symp-
tom resolution.

e Metastatic disease can be effectively palliated with soma-
tostatin analogues, and studies are demonstrating benefit
for targeted biologic agents.
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