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Abstract. Glucagonoma is an extremely rare pancreatic
a-islet cell tumor and is often accompanied by certain
clinical symptoms including necrotizing migratory erythema
(NME), diabetes, weight loss and anemia. The objectives
of the current review were to discern the clinical features,
diagnosis, treatment and prognosis of glucagonoma by evalu-
ating 623 reported cases. A 1998 study reviewed 407 cases
and 216 cases were reported in studies published after 1998.
The current review consisted of 268 males and 339 females,
with an average age of 52.4 years. The male-to-female ratio
was 0.79. The incidence of typical clinical findings were as
follows: NME, 82.4% (350/425); diabetes, 68.5% (291/425);
weight loss, 60.2% (256/425); anemia, 49.6% (211/425); and
glossitis or stomatitis or cheilitis, 41.2% (175/425). A total of
499 cases reported the location of the tumor as the pancreas
and 64.1% (320/499) involved the pancreatic tail. Tumor size
was recorded in 58.3% (126/216) cases reported after 1998
and average tumor size was 5.0 cm. Metastasis was detected in
49.2% of patients (293/595 for whom metastasis or no metas-
tasis were recorded) upon diagnosis. These patients were older
than those without metastasis (average age, 54.0 years old
vs. 50.8 years old). The average time between symptoms and
diagnosis of glucagonoma was 31.4 months. Glucagonoma is
a very rare disease. It is important for clinicians to learn more
about this disease to be able to diagnose and treat it as early as
possible, thus improving patient prognosis.
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. Introduction

Glucagonoma is a very rare disease and its incidence rate is
~2.4/100,000,000 in America (1) and ~2.6/100,000,000 in
Japan (2). According to the World Health Organization (WHO)
classification of tumors of the digestive system, glucagonoma
is a type of functional pancreatic neuroendocrine neoplasm
(pPNEN) (3). Surgery is currently the only method of curing
glucagonoma. Somatostatin analogues (SSA) and amino
acid solution infusion may result in the rapid relief of symp-
toms (4). Transarterial chemoembolization, radiation therapy
and peptide receptor radioligand therapy may also be useful
treatments (4,5).

This pancreatic neuroendocrine tumor (pNET) secretes
glucagon and causes a combination of symptoms known as
glucagonoma syndrome (5). These symptoms include the
skin disorder necrolytic migratory erythema (NME), diabetes
mellitus, stomatitis, weight loss and anemia (6). Glucagonoma
is generally diagnosed when blood glucagon levels are
elevated and should be distinguished from non-functional
pancreatic a-cell tumors. Patients who have glucagonoma
syndrome and elevated glucagon levels may be diagnosed with
glucagonoma (7).

In 1942, Becker et al (8) were the first to document an
erosive cutaneous eruption in a patient with diabetes mellitus
and pancreatic islet cell tumor. McGavran et al (9) identi-
fied elevated glucagon levels in the blood and tumor tissue
of a patient with diabetes mellitus, NME and a pancreatic
tumor. Wilkinson (10) first hypothesised that there may be
an association between NME and glucagonoma in his report
of a patient with pancreatic carcinoma. NME is a superficial
epidermal necrosis characterized by spontaneous remissions
or relapse, and it is the first symptom in ~70% of all patients
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with glucagonoma (5). NME may be painful or itchy, and is
often superinfected (7).

Numerous sporadic cases and several small case series (5,11)
have been documented. The largest case series were reported
by Kindmark et al (11) in 2007, including 23 patients diag-
nosed with a glucagon-producing NET. In 1998, Soga and
Yakuwa (6) evaluated 407 reported cases, including 138 cases
documented in Japan. The aim of the present study was to
evaluate cases of glucagonoma documented before and after
1998 to help clinicians learn more about this rare disease and
improve its diagnosis. The information of patients with gluca-
gonoma prior to 1998 were extracted from a study by Soga and
Yakuwa (6) as there are 138 cases documented in Japanese and
a number of them were not published in English.

2. Methods

Literature search. A literature search was conducted using
the following search strategy: Glucagonoma OR (((hyperglu-
cagonemia OR (secreting AND glucagon)) AND (pancreatic
AND (((tumor OR Neoplasm) OR cancer) OR carcinoma))).
Information was obtained through PubMed (12) and the Wanfang
Standards Database (http:/www.wanfangdata.com.cn/), as well
as from the references of relevant articles. In the current review,
173 published reports describing 216 cases of glucagonoma after
1998 were reviewed. Information regarding cases before 1998
was obtained from an evaluation of 407 glucagonomas published
in 1998 by Soga and Yakuwa (6). This article included 138 cases
in Japan and information regarding other cases that were not
published in English or Chinese. Articles were evaluated and
data were extracted separately by two different authors.

Inclusion and exclusion criteria. Studies were included in the
current review if they met the following criteria: Patients had
been diagnosed with glucagonoma by pathology or patients
who had glucagonoma syndrome and elevated blood glucagon
levels simultaneously; the article included some patient data,
including patient age, sex and clinical symptoms.

Studies were excluded if: They were a duplicate publica-
tion; they were published in languages other than English
or Chinese and there were no data obtainable from the title
and abstract to be evaluated; they included no data pertaining
to patients with glucagonoma; and if the articles were
inaccessible, meaning that data were unobtainable.

3. Characteristics of included studies

A literature search was performed using the aforementioned
search strategy. A total of 80 glucagonoma cases were
documented in articles published in Chinese after 1998 and
66 cases that met the inclusion criteria were included. A total
of 1,343 articles that were published in a language other than
Chinese were identified in PubMed as relevant. There were
647 articles and 454 cases of glucagonoma mentioned after
1998 and 150 cases were included. A total of 224 cases were
excluded because they were mentioned in articles about pNET
or in articles evaluating glucagonoma samples that didn't
include the required patient information. A total of 41 cases
after 1998 were excluded as they were not published in English
or Chinese and the information were inaccessible. A total of
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39 cases were excluded as the article could not be accessed and
the data were unobtainable. Therefore, 216 cases documented
after 1998 were included in the current review. Information
regarding cases before 1998 was obtained from the article by
Soga and Yakuwa (6), which included information regarding
138 cases in Japan and other cases that were not published in
English or Chinese.

The cases included in the current review consisted of
patients diagnosed with glucagonoma before and after 1998
following comprehensive consideration of multiple criteria,
including clinical symptoms, blood glucagon levels, presence
of the tumor, results from pathological and immunohistochem-
ical staining. Furthermore, since patients with glucagonoma
and non-functional pancreatic a-cell tumors exhibit similar
symptoms, cases could have included patients with either
disease.

4. Demographic data

A total of 534 cases of glucagonoma were documented in
articles published between January 1998 and March 2016.
Out of these cases, 216 were reviewed in the current study,
including 66 cases reported in Chinese. Soga and Yakuwa (6)
documented 407 cases; therefore, to the best of our knowledge,
the total number of patients with glucagonoma documented
in the literature is 941. Out of all these cases, only 623 out
of 941 cases included the relevant patient information. In the
old series (papers published prior to the WHO classification
of tumors of the digestive system in 2010 (3)), patients with
glucagonoma included those with pNET who were posi-
tive for glucagon immunohistochemistry, with or without
glucagonoma syndrome.

Some cases were excluded as there was not enough data to be
evaluated. Papotti (13) referred to samples of five patients with
glucagonoma in his basic medical research. In that research, the
tumor samples were from a biological sample bank. It is difficult
to identify exactly how many cases there were, as these cases
referred to in basic medical research may have been reported
in the past as case reports. A number of case reports may have
been included in case series, meaning that the total number of
glucagonoma cases may be lower than that cited in the present
review. For example, ‘Survival from malignant digestive endo-
crine tumors in England and Wales: A population-based study’
included 17 cases of glucagonoma (14), however it is difficult to
determine how many cases had been previously documented.

As presented in Table I, the male-to-female ratio was 0.80
in cases reported after 1998,0.79 in cases before 1998 and 0.79
overall. Out of the 216 included cases documented in papers
published after 1998, 89 were male and 111 were female. Mean
age at diagnosis was 52.2 years old (Table II).

There were 268 males and 339 females included in the
current review. The average age of the 407 patients documented
before 1998 was 52.5 years old. Patient age was reported in
200 of the 216 patients in studies published after 1998 and the
average age of these patients was 52.3 years old (Table II).

Overall, 48.5% (279 of 575 for whom metastasis or no
metastasis were recorded) of patients exhibited metastases
upon diagnosis. Patients with metastasis were older than those
without metastasis (mean age, 54.0 years old vs. 50.8 years old,
respectively; Table III).
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Table I. Patient sex and male-to-female ratio.
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Glucagonoma Male Female Male-to-female ratio
Reported before 1998 407 179 228 0.79
Reported in and after 1998 216 (200 with information on patient sex) 89 111 0.80
Overall 623 (607 with information on patient sex) 268 339 0.79
Table II. Average age and age range.
Average age and age range (years) Range Male Female Average
Reported before 1998 407 11-88 523 52.7 525
Reported in and after 1998 216 (200 with data on patient sex) 15-77 52.2 52.2 52.2
Total 623 (607 with data on patient sex) 11-88 52.3 52.5 524

Table III. Average age, age range (years) and metastasis.

Range Reported before 1998 Reported in and after 1998 Overall (n=575)
With metastases 19-88 54.3 (n=209) 53.3 (n=70) 54.0 (n=279)
Without metastases 11-84 50.6 (n=198) 51.3 (n=98) 50.8 (n=296)
Table IV. Clinical manifestations.
Before 1998 After 1998

Overall (n=425)

(n=233; 54.8%) (n=192; 45.2%)

Clinical manifestations no. % no. % no. %

NME 350 824 198 85.0 152 79.2
Diabetes 291 68.5 171 734 120 62.5
Weight loss 256 60.2 152 65.2 104 54.2
Anemia 211 49.6 127 54.5 84 438
Glossitis/stomatitis/cheilitis 175 412 92 395 83 432

NME, necrotizing migratory erythema.

5. Clinical manifestation

When studying the clinical manifestations of glucagonoma,
only 233 of the 407 cases before 1998 were included as only this
number of cases had diabetico-dematogenic syndrome and were
therefore regarded as genuine glucagonoma cases. The other
patients of the 407 cases did not have glucagonoma syndrome,
thus the tumor is not functioning and should be differentiated
from glucagonoma (3). Out of the 216 cases documented after
1998, information regarding the clinical manifestations of
glucagonoma in 192 patients was available. This means that
there were a total of 425 patients exhibiting clinical manifes-
tations of glucagonoma that could be assessed in the current
review. The incidence of typical clinical findings were: NME,

82.4% (350/425); diabetes, 68.5% (291/425); weight loss, 60.2%
(256/425); anemia, 49.6% (211/425); glossitis or stomatitis or
cheilitis, 41.2% (175/425; Table IV). As presented in Table V,
the clinical manifestations of glucagonoma differed between
males and females. Out of the 192 cases documented after 1998,
the incidence of glossitis or stomatitis or cheilitis or angular
cheilitis was 42.4% (36/85) in males and 67.3% (72/107) in
females. Furthermore, onychodystrophy was only documented
in females (6.5%; 7/107). Females were also more likely to
have NME (82.2 vs. 75.3% in males), diabetes or impaired fast
glucose (IFG) (64.5 vs. 60% in males), anemia (46.7 vs. 40% in
males), nausea or anorexia (14.0 vs. 8.2% in males). However,
the incidence of weight loss, weakness or fatigue, diarrhea and
abdominal pain were higher in males compared with females.
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Table V. Primary clinical manifestations of 192 cases reported
in and after 1998.

Male Female
(n=85; (n=107;
43.4%) 56.6%)

Main clinical manifestations no. % no. %

NME 64 753 88 82.2
Diabetes or IFG 51 600 69 64.5
Weight loss 50 588 54 505
Anemia 34 400 50 46.7
Diarrhea 11 12.9 8 7.5
Abdominal pain 9 10.6 8 7.5
Angular cheilitis 8 94 17 159
Nausea or anorexia 7 8.2 15 14.0
DVT or pulmonary embolism 4 4.7 5 4.7
Onychodystrophy 0 0.0 7 6.5
Neurological symptoms 9 10.6 8 7.5
Mental symptoms 9 10.6 8 7.5
Peripheral edema 5 59 6 56
Weakness or fatigue 11 129 7 6.5
Glossitis 16 18.8 28 26.2
Stomatitis 9 106 22 20.6
Cheilitis 3 35 5 4.7

NME, necrotizing migratory erythema; IFG, impaired fast glucose.

Some patients had been reported to be suffering from
mental symptoms, including depression (15), poor sleep (16),
nervousness (17) and malaise (18). Certain patients exhib-
ited neurological symptoms, including left-sided migraine
headache (19), numbness or tingling (18) and Lewy body
dementia (20). Some patients experienced vulvovaginitis (21),
vomiting, fingernail deformity and fragility (22).

In rare cases, glucagonoma may present as dilated cardiomy-
opathy, acute pulmonary edema or left ventricular failure (23,24).
In one case reported by Chang-Chretien et al (23), a 54-year-old
patient had congestive heart failure and sinus tachycardia, with a
history of weight loss, sore tongue, brittle nails and dyspareunia.
The patient exhibited dilated cardiomyopathy with an ejection
fraction of 15%. One year later, the patient developed NME,
which led to the suspicion of glucagonoma and the identification
of a pancreatic mass. The patient underwent tumor resection
and 8 months later, had a normal left ventricular end diastolic
dimension (4.7 cm) and a normal ejection fraction (55%). Out of
the cases included in the current review, there were also other
rare symptoms reported, which included thrombophlebitis (18),
pancytopenia (25) and balanitis (26).

6. Location and size of the tumor

Table VI presents information regarding tumor location and
size. A total of 499 cases reported the location of the tumor
as the pancreas and 64.1% (320/499) of these cases involved
the tail of the pancreas. Tumor size was recorded in 58.3%

SONG et al: GLUCAGONOMA AND THE GLUCAGONOMA SYNDROME (REVIEW)

(126/216) cases reported after 1998. Average diameter was
5.0 cm and the median tumor size in patients evaluated
before 1998 was 3.1-5.5 cm. A study by Shyr et al (27) in
1999 reviewed 120 cases of glucagonoma in the literature and
determined that the average tumor diameter was 3.6 cm.

The most common site of the tumor was the tail of the
pancreas (40.1%), followed by the body and tail (20.0%), the
head (16%) and the body (15.4%). Out of all included cases,
the vast majority 610 (97.8%) had glucagonomas in the
pancreas; 6 had extrapancreatic lesions and in 8 cases, the
original sites were not specified.

7. Metastatic disease

The average time from symptom to diagnosis was
31.4 months in 50% (108/216) of patients evaluated after
1998. Table VII presents information regarding metastasis in
patients. Delayed diagnosis of the disease meant that 49.2%
of patients had metastases upon diagnosis. Metastatic disease
was identified in 51.4% of patients reported before 1998 and
44.7% after 1998. The liver (80.5%), lymph nodes (33.1%)
and mesentery/omentum/peritoneum (3.4%) were the most
common sites of involvement in patients with metastases.
Tumor involvement also occurred in the lung (2%) and spleen
or the hilus of spleen (2%).

8. Prognosis

There were 105 cases (48.6% of the 216 cases) reported after
1998 that included information regarding patient prognosis
and the average follow up time was 43.2 months. Out of
these cases, 26 succumbed and the average survival time was
32.1 months. The longest survival time was 24 years, reported
by Nightingale er al (28) in 1999.

9. Discussion

Diagnosis of glucagonoma involves glucagonoma syndrome
and elevated blood glucagon levels (7). However, these
diagnostic criteria are insufficient to diagnose glucagonoma
promptly and some patients may be delayed in diagnosis or be
misdiagnosed. In old series (published prior to the WHO clas-
sification of tumors of the digestive system (3)), glucagonoma
included patients with pNET positive for glucagon immuno-
histochemistry on pathological specimen that did not exhibit
specific symptoms (6). Immunoreactive glucagon fractions that
exhibit reduced bioactivity are not functioning as the patients
do not have glucagonoma syndrome (29). Currently, these
patients without glucagonoma syndrome would not be diag-
nosed with glucagonoma according to the WHO classification
of tumors of the digestive system (3). However, it was difficult
to make this distinction in the current study, as it is difficult to
extract data from the 407 cases included in the study by Soga
and Yakuwa (6). Furthermore, patients without any symptoms
may still have a tumor in the pancreas and require treatment.
The current study indicated that NME occurs in ~80%
of patients with glucagonoma. It may be accompanied by
nail dystrophy, conjunctivitis, cheilitis, glossitis or stomatitis.
However, skin biopsies are not effective at diagnosing NME.
In the 6 cases evaluated by Eldor er al (4), an evaluation of six
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Table VI. Primary lesion sites.

Overall (n=623) Before 1998 (n=407) After 1998 (n=216)

Primary site no. % no. % no. %
Specified in pancreas 499 80.1 342 84 157 72.7
Head 83 16.6 63 18.4 20 12.7
Neck 7 14 0 00 7 4.5
Body 77 154 59 17.3 18 11.5
Tail 200 40.1 143 41.8 57 363
Head and neck 3 0.6 0 00 3 19
Head and body 8 1.6 7 2.0 1 0.6
Neck and body 1 0.2 0 0.0 1 0.6
Body and tail 100 200 53 15.5 47 299
Head and tail 4 0.8 1 03 3 19
Diffuse 16 32 16 4.7 0 0
Overall evaluation
Head 114 22.8 87 254 27 17.2
Neck 11 22 0 00 11 7.0
Body 195 39.1 128 374 67 42.6
Tail 320 64.1 213 62.3 107 68.2
Not specified in pancreas 110 17.7 55 135 55 255
Extrapancreatic organs 6 1.0 3 0.7 3° 1.9
Not specified 8 1.3 7 1.7 1 0.5

*One each in kidney, duodenum, and lung; ®One in duodenum, and two in liver.

Table VII. Metastases: Sites of involvement.

After 1998
(n=84; 44.7%)

Before 1998
(n=209; 51.4%)

Total
(n=293; 49.2%)

Patients with metastases no. % No. % no. %
Metastases sites

Liver 69 82.1 167 799 236 80.5

Lymph nodes 18 214 79 37.8 97 33.1

Bone 6 7.1 17 8.1 23 7.8
Mesentery/omentum/peritoneum 0 0 10 48 10 34
Lung 0 0 6 29 6 20
Adrenal 1 12 3 14 4 14
Gallbladder 1 1.2 0 0 1 03
Ileal 1 1.2 0 0 1 0.3
Spleen or the hilus of spleen 6 7.1 0 0 6 2.0
Multiple but not specified 2 24 0 0 2 0.7

available skin biopsies of the patients with glucagonoma indi-
cated that only one was clearly positive for glucagonoma rash;
the others exhibited only non-specific changes. NME may also
present in patients without elevated glucagon level. It has been
reported in cases of hepatic dysfunction and cirrhosis (30),
jejunal and rectal adenocarcinoma and myelodysplastic
syndrome (31). In 108 cases documented after 1998, the

average time from symptom manifestation to the diagnosis of
glucagonoma was 31.4 months. Diagnosis is often delayed, as
the disease is extremely rare and as NME is not well known.
In 2015, Gaiser and Dhawan (25) documented a case
with a medical history of atrial fibrillation, diabetes mellitus
and anemia presenting with pancytopenia. An abdominal
computed tomography identified a pancreas mass, with
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four liver metastases. Needle biopsy of the pancreatic mass
stained positive for synaptophysin and negative for glucagon.
The patient did not exhibit signs of glucagonoma until weeks
following a therapy using everolimus. Thus, the results of
immunohistochemical staining may not always be consis-
tent with the clinical course of the disease and symptoms
of glucagonoma may present late. Indeed, Yamashita (32)
reported the case of a patient with a tumor that was clini-
cally an insulinoma but histopathologically a glucagonoma.
Demir et al (24) reported a case of glucagonoma in which
the patient had acute pulmonary edema and left ventricular
failure. Initially, the patient was diagnosed with dilated
cardiomyopathy. However, 2 years later, the patient developed
a troublesome itch and during subsequent investigations, a
pancreatic mass was identified. The patient underwent a distal
pancreatectomy and recovered from dilated cardiomyopathy
1 month following surgery. Lolis ef al (33) reported a case in
which a patient developed NME 6 years following diagnosis
of a metastatic neuroendocrine tumor. The patient succumbed
2 months after presentation of NME. In certain cases, the
typical clinical syndromes of glucagonoma occur too late
for diagnosis and may not actually manifest until the patient
succumbs.

Fasting plasma glucagon >500 pg/ml (normal range,
50-150 pg/ml) may be a diagnostic criterion for gluca-
gonoma (34). Mild elevated glucagon levels may be associated
with other diseases, including malabsorption, infection or
hepatic cirrhosis (35). Glucagon receptor gene mutations
may also cause hyperglucagonemia without glucagonoma
syndrome (36). Drugs may also cause hyperglucagonemia, for
example, Glueck ef al (37) reported that estrogen replacement
in a protein S deficient patient caused diarrhea, hyperglucago-
nemia and osteonecrosis.

In 2010, Vanderlan et al (38) documented the case of
a 64-year-old man diagnosed with a duodenal enteroglu-
cagonoma. This patient had hypoalbuminemia, refractory
severe hypokalemia, uncontrolled new onset diabetes mellitus,
anemia and peripheral edema, as well as low serum glucagon
levels. A periampullary mass, which exhibited positive immu-
nohistochemical reactivity to DakoCytomation's Polyclonal
Rabbit AntiHuman Glucagon, meaning low glucagon levels,
was surgically removed. This indicates that in some cases, an
elevated blood glucagon level may not be required to diagnose
glucagonoma. However, overdiagnosis may occur due to the
identification of immunoreactive glucagon fractions that
exhibit reduced bioactivity (29).

The localization of the tumor is very important for
diagnosis and treatment. The methods used to localize
glucagonoma are similar to methods used to localize other
pancreatic neuroendocrine tumors, including ultrasonography,
computed tomographic scan and magnetic resonance imaging
somatostatin receptor scintigraphy (SRS). The most accurate
method is SRS (39) and it is the recommended imaging tech-
nique in the localization and staging procedure for patients
with glucagonoma (40).

Surgery is currently the only method of curing glucagonoma.
Surgical resection with curative intent or debulking procedures
may lead to long-term palliation (4). NME may disappear
1 week after surgery. Laparoscopic resection is adequate (41).
In patients with hepatic metastases, aggressive concurrent
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resection of the primary tumor and hepatic metastases is
beneficial when it is technically feasible (42).

Somatostatin analogues (SSA) and amino acid solution
infusion may lead to the rapid relief of symptoms. Transarterial
chemoembolization, radiation therapy, peptide receptor radio-
ligand therapy may also be useful treatments (4,5). In two
large case series of glucagonoma, chemotherapy induced a
50% radiological response (5,43).

The current review indicated that the average time from
symptom onset to diagnosis is 31.4 months and demonstrated
that 49.2% patients have metastasis upon final diagnosis. The
average age of the diagnosis of glucagonoma was 52.4 years
old. The male-to-female ratio was 0.79. The incidence rates of
clinical pathologies commonly associated with glucagonoma
were as follows: NME, 82.4%; diabetes, 68.5%; weight loss,
60.2%; and anemia, 49.6. 64.1% of all pancreatic glucagonoma
involved the pancreatic tail and the average tumor size was
5.0 cm. 49.2% of patients had metastasis upon diagnosis. It is
important for clinicians to learn more about glucagonoma so
as to diagnose it as early as possible.
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