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Abstract 
 
A 58-year-old Malay female with underlying diabetes mellitus, presented with chronic skin lesions, associated with 
weight loss and anemia. There were erosive, scaling skin lesions over the extremities, gluteal region and perioral area. 
Skin biopsy histopathological examination revealed Necrolytic Migratory Erythema (NME). A CT scan of the abdomen 
revealed a pancreatic neck and body tumor with possible liver metastases. She was successfully treated with 
subcutaneous somatostatin and underwent distal pancreatectomy with wedge resection of liver nodule.  
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INTRODUCTION 
 
Neuroendocrine tumors (NET) are also known as Gastro-
entero-pancreatic neuroendocrine tumors (GEP-NETs). 
They arise from cells of diffuse neuroendocrine systems 
such as enterochromaffin cells which possess secretory 
granules and release neurohormones.1 Pancreatic NETs 
present with typical syndromes which include insulinoma, 
gastrinoma, glucagonoma, VIPomas, somatostatinomas 
and non-syndromic pancreatic NETs.1 

 
A glucagonoma is a rare pancreatic NET with an 
estimated incidence of 1 in 20 million people per year.2 
Glucagonomas arises from islet alpha cells commonly at 
the tail of the pancreas.3 The World Health Organization 
(WHO) classification of endocrine tumors4 recommended 
that glucagonomas should be differentiated from non-
functioning pancreatic alpha cell tumors and thus, is 
defined by its clinical syndromes. Glucagonomas may 
arise sporadically or in patients with Multiple Endocrine 
Neoplasia (MEN) type 15 which is rare (<3%). As 
depicted in our patient’s case, patients with 
glucagonoma usually presents in the middle age group 
with median age of 53.5 years.6 

 

CASE  
 
A 58-year-old Malay female, with a background history of 
diabetes mellitus and hypertension for 2 years, presented 
with chronic, on-and-off skin lesions over the lower limbs 
and abdomen for the past 2 years. It usually starts with a 
skin blister which later ruptures and ulcerates with a 
necrotic patch. Other symptoms included lethargy and 
profound weight loss (20 kg in a year). The patient also 

had a history of anemia, abdominal pain and dyspepsia. 
Upper gastrointestinal endoscopy done previously only 
revealed mild gastritis. There was no history of chronic 
diarrhea, anorexia, history of mood changes or any history 
to suggest venous thrombosis. 
 
Physical examination revealed a pale, cachectic lady with 
erythematous, erosive scaling with crusted skin patches 
over the upper and lower extremities, gluteal region and 
perioral region (Figure 1a-d). Exudates covered certain 
erosive areas indicative of secondary infection. There was 
no angular stomatitis. 
 
Investigations revealed normochromic normocytic 
anemia (hemoglobin of 11.3 g/dl), normal ionized serum 
calcium of 1.152 mmol/L (0.80-1.29) and serum phosphate 
(0.90 mmol/L) with FBS of 15 mmol/L. Hepatitis screening 
was negative. 
 
The patient was referred to the dermatology service and 
skin biopsy was done which revealed mild acanthosis with 
marked spongiosis. There was hyperkeratosis and 
parakeratosis as well as plasma, neutrophils and bacterial 
colonies on the keratin layers. The dermis shows 
perivascular and interstitial infiltration by lymphocytes, 
neutrophils and eosinophils. This findings are suggestive 
of infection and features are compatible with NME. 
Subsequently, CT scan of the abdomen was done which 
revealed a pancreatic neck and body tumor most likely 
representing glucagonoma (5.5 x 2 x 3 cm) with possible 
liver metastases. (Figure 2a-c). Further investigations 
revealed raised serum Chromogranin A >770 ng/ml (27-94) 
and serum glucagon of 1068 pg/ml (50-150). 
 

 

 
Figure 1. Erosive scaling and crusted skin patches over the (a) thigh, (b) with exudates over both feet, (c) hand and (d) 
perioral area. 

 
Figure 2 (a-c).  Radiologic findings – (serial axial view) showing tumor at the neck and body of the pancreas measuring 
5.5 x 2 x 3 cm. 
 
She was started on subcutaneous somatostatin for 2 weeks 
then shifted to intramuscular Sandostatin LAR 20 mcg 
every 4 weeks. She tolerated the medication well without 

any complications. Skin lesions completely resolved by 2 
months with improved general well-being and weight 
gain. She then underwent distal pancreatectomy with 
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wedge resection of liver nodules. Histopathological 
examination of the tumor revealed NET of the pancreas 
with liver metastases, histological grade 2. 
Immunohistochemical staining was strong and diffusely 
positive for synaptophysin and focally positive for 
Chromogranin A. There were no postoperative 
complications and patient was scheduled for surveillance 
CT scan of the abdomen 6 month post-operation.  
 
DISCUSSION 
 
Glucagonoma Syndromes (GS) are paraneoplastic 
syndromes consisting of a clinical triad which includes 
glucagon-secreting pancreatic tumor, diabetes mellitus 
(DM) and NME.7 Stacpoole suggested a set of diagnostic 
criteria for glucagonoma in which all criteria should be 
fulfilled.8 The diagnostic criteria consist of demonstration 
of the tumor by direct visualisation or radiographically, 
proof that the tumor shows a preponderance of glucagon-
containing cells on appropriate staining and/or proof of 
increased tissue levels of immunoreactive glucagon; 
elevation of basal circulating immunoreactive glucagon; 
and at least one of the following coincidental findings; (a) 
skin rash, (b) glucose intolerance, or (c) 
hypoaminoacidemia. Other clinical syndromes associated 
with glucagonoma are stomatitis, anaemia,9 venous 
thromboembolism10 neuropsychiatric disturbances (most 
often depression and/or psychosis),11 diarrhoea and, rarely, 
dilated cardiomyopathy. GS can be further classified into 3 
clinical types i.e., glucagonoma with skin syndrome 
(NME), glucagonoma with mild diabetes and glucagonoma 
with multiple syndromes.12 Our patient fulfilled all the 
diagnostic criteria for glucagonoma and belongs to the last 
group with presence of diabetes and NME. 
 
NME is present in almost 70% of patients.13,14 NME is 
characterised by irregular annular eruptions (central 
healing area) with serpiginous advancing borders, erosion, 
and crusting, resulting in a scalded appearance.15 It is 
suggestive of glucagonoma but is not pathognomonic for 
the syndrome. NME was also reported to be found in 
other disorders such as hepatic dysfunction and 
cirrhosis,16 jejunal and rectal adenocarcinoma, villous 
atrophy of the small intestines and myelodysplastic 
syndromes.6 The skin eruption usually involves the 
inguinal canal, perineum, buttocks and lower extremities.7 
It is characterized by cyclical pattern of spontaneous 
remission and exacerbation.7 The underlying cause for 
NME skin changes is still unclear. Increased glucagon perÊ
se does not cause NME since it was also reported in other 
disorders not related to high glucagon level as mentioned 
above. However, normalisation of glucagon level by 
means of surgery or somatostatin analogues invariably 
results in rapid resolution of NME.15 Hyperglucagonemia 
probably provokes the metabolic deficiency of zinc, 
essential fatty acids and amino acids and has been 
considered as a possible cause of NME. However, not all 
patients with NME present with these metabolic changes, 
and not all patients with NME and metabolic deficiency 

achieve complete resolution of the skin lesion with 
supplementation.17 Early recognition of NME is essential 
as it will prevent catabolic clinical features and reduce the 
risk of metastasis.18 

 
Impaired fasting glycaemia or diabetes mellitus is present 
in 80% of patients with GS.19 The tumor secretes high 
levels of glucagon which in turn promotes glycogenolysis, 
gluconeogenesis, ketogenesis and lipidioresis by activating 
phosphorylase in the liver, stimulating secretion of insulin 
and inhibiting external secretion of the pancreas, thus 
resulting in hyperglycaemia.18 Hyperglucagonemia 
reduces plasma amino acid concentration and stimulates 
amino acid catabolism.18 
 
The diagnosis of glucagonoma in this case was confirmed 
by elevated plasma glucagon levels in keeping with 
similar findings in all patients in a case series in which the 
glucagon level ranged from 200 to >10,000 pmol.6 Plasma 
glucagon levels are usually elevated 10 to 20-fold in 
patients with glucagonoma (normal <50 pg/mL). 
Concentrations above 1000 pg/mL are virtually diagnostic 
of glucagonoma.20 Chromogranin A (Cg A) level was 
elevated in our case and in half of subjects in the case 
series.6 Cg A is a NETs biomarker and is expressed in 
almost 90% of NETs independent of its site of origin.21 It 
can aid in the diagnosis of NETs and can also be used as 
prognosis and as a biomarker to monitor disease 
progression.21  

 
Another biochemical result noted was anemia. 
Plurihormonal secretion of the tumor (serum glucagon, 
gastrin and chromogranin A) confers a guarded prognosis 
with short survival possibly due to the less-differentiated 
nature of the plurihormonal subtype.6 Somatostatin 
receptor scan (SRS) was positive in most of the patients in 
a case series.6 It is frequently used as a complementary 
method to conventional imaging like CT scan and MRI for 
supervision of somatostatin expression and dissemination 
of tumor metastases.22,23 

 
As illustrated in our patient case, the pancreatic tumor was 
readily visualised by CT scan imaging and the size was 
comparable with the average size of 6 cm reported in a 
case series.24 However, the position of the tumor at the 
neck and body of the pancreas was not classic for 
glucagonoma, which is more commonly found at the tail 
of the pancreas (45-75%).12 CT scan is usually the initial 
non-invasive radiographic test. Other imaging techniques 
that can be used to detect the tumor are abdominal 
ultrasound, MRI and selective visceral angiography.7 
Selective angiography of the celiac and superior 
mesenteric15 arteries is the gold standard in the diagnosis 
and localisation of glucagonoma as this tumor shows 
significant hypervascularity.7 In addition, this technique is 
able to demonstrate hepatic metastases even in a patient 
with a negative liver scan.7 The role of pancreatic venous 
sampling for glucagon levels in the diagnosis of small 

tumor has been reported.8 As a result of subtle and non-
specific manifestations, glucagonoma is usually diagnosed 
late with metastatic spread on diagnosis6 and in this 
patient’s case, liver metastases. The liver is the most 
common site for metastasis. Most of the time, the 
metastases are multiple, involving many hepatic segments 
and are variable in size.6 Other common sites for 
metastases are regional lymph nodes, bone, adrenal gland, 
kidney and lung.25,26 
 
The prognosis of glucagonoma varies depending on the 
stage in which the tumor was diagnosed. The tumor is 
resistant to chemotherapy as discussed later. This tumor 
however is slow-growing, and prolonged survival is 
possible (>20 years).15 In a case with metastasis, the cause 
of death is unrelated to the tumor.27 
 
Our patient was given a multimodal treatment combining 
medical and surgical therapy. Surgery rendered 2 patients 
with prolonged progression-free survival (4-6 years) and 1 
patient with free disease with additional hepatic 
metastasectomy in a case series.6 Surgical resection can 
lead to prolonged disease-free remission.28-30 As for the 
liver metastases, control by metastasectomy, cryoablation, 
radiofrequency ablation, or chemoembolization has been 
reported.19,22  
 
Our patient was also treated with somatostatin analogue 
(SSA), a potent inhibitor of glucagon secretion 
preoperatively and she responded well in terms of weight 
gain, general well-being and resolution of paraneoplastic 
manifestation i.e., NME. She was treated with long-acting 
octreotide (Sandostatin LAR), with a half-life of 3-4 weeks. 
As shown by the PROMID study, Octreotide LAR offers 
symptomatic control as well as reduction of tumor growth 
progression.31 However, we did not assess biochemical 
and imaging response of this SSA. In a case series, some 
response was noted following SSA therapy – 4/6 patients 
showed improvement of cutaneous symptoms, weight loss 
and general well-being, 50% reduction of plasma glucagon 
level in 2/6 patients but no objective tumor response on 
imaging.6 Other alternatives available are lanreotide 
autogel injection and interferon-alpha alone or in 
combination with SSA. New targeted therapies include 
antiangiogenic agents, peptide receptor radiotherapy 
(PRRT), mTOR inhibitors and VEGF inhibitors.1 Another 
available treatment modality utilised in a case series is an 
amino acid infusion which induced rapid long term 
resolution of NME rash & glossitis in 2/4 patients and local 
therapy to the liver (symptomatic response for external 
radiation to the liver and no response for trans-arterial 
chemoembolization or TACE).6 Intermittent infusions of 
amino acids and fatty acids have been associated with 
long-term resolution of necrolytic migratory erythema 
(NME).32 However, the evidence to support their use is 
limited to observational studies. In addition, amino acid 
infusions do not cause regression of tumor growth or 
other symptoms.32 

The following are recommendations for follow-up after 
treatment of a pancreatic neuroendocrine tumor:33 

● Three and six months postresection – history and 
physical examination, serum glucagon, and computed 
tomography/magnetic resonance imaging. 
● Long-term – history and physical examination with 
tumor markers every 6 to 12 months for years 1 to 3, and 
as clinically indicated thereafter. Imaging studies are 
recommended only as clinically indicated. 
 
CONCLUSION 
 
Glucagonoma is a rare NET with a subtle, variable 
presentation leading to late diagnosis. Therefore increased 
awareness and recognition of Glucagonoma Syndrome is 
vital in order for early diagnosis before development of 
metastases. 
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wedge resection of liver nodules. Histopathological 
examination of the tumor revealed NET of the pancreas 
with liver metastases, histological grade 2. 
Immunohistochemical staining was strong and diffusely 
positive for synaptophysin and focally positive for 
Chromogranin A. There were no postoperative 
complications and patient was scheduled for surveillance 
CT scan of the abdomen 6 month post-operation.  
 
DISCUSSION 
 
Glucagonoma Syndromes (GS) are paraneoplastic 
syndromes consisting of a clinical triad which includes 
glucagon-secreting pancreatic tumor, diabetes mellitus 
(DM) and NME.7 Stacpoole suggested a set of diagnostic 
criteria for glucagonoma in which all criteria should be 
fulfilled.8 The diagnostic criteria consist of demonstration 
of the tumor by direct visualisation or radiographically, 
proof that the tumor shows a preponderance of glucagon-
containing cells on appropriate staining and/or proof of 
increased tissue levels of immunoreactive glucagon; 
elevation of basal circulating immunoreactive glucagon; 
and at least one of the following coincidental findings; (a) 
skin rash, (b) glucose intolerance, or (c) 
hypoaminoacidemia. Other clinical syndromes associated 
with glucagonoma are stomatitis, anaemia,9 venous 
thromboembolism10 neuropsychiatric disturbances (most 
often depression and/or psychosis),11 diarrhoea and, rarely, 
dilated cardiomyopathy. GS can be further classified into 3 
clinical types i.e., glucagonoma with skin syndrome 
(NME), glucagonoma with mild diabetes and glucagonoma 
with multiple syndromes.12 Our patient fulfilled all the 
diagnostic criteria for glucagonoma and belongs to the last 
group with presence of diabetes and NME. 
 
NME is present in almost 70% of patients.13,14 NME is 
characterised by irregular annular eruptions (central 
healing area) with serpiginous advancing borders, erosion, 
and crusting, resulting in a scalded appearance.15 It is 
suggestive of glucagonoma but is not pathognomonic for 
the syndrome. NME was also reported to be found in 
other disorders such as hepatic dysfunction and 
cirrhosis,16 jejunal and rectal adenocarcinoma, villous 
atrophy of the small intestines and myelodysplastic 
syndromes.6 The skin eruption usually involves the 
inguinal canal, perineum, buttocks and lower extremities.7 
It is characterized by cyclical pattern of spontaneous 
remission and exacerbation.7 The underlying cause for 
NME skin changes is still unclear. Increased glucagon perÊ
se does not cause NME since it was also reported in other 
disorders not related to high glucagon level as mentioned 
above. However, normalisation of glucagon level by 
means of surgery or somatostatin analogues invariably 
results in rapid resolution of NME.15 Hyperglucagonemia 
probably provokes the metabolic deficiency of zinc, 
essential fatty acids and amino acids and has been 
considered as a possible cause of NME. However, not all 
patients with NME present with these metabolic changes, 
and not all patients with NME and metabolic deficiency 

achieve complete resolution of the skin lesion with 
supplementation.17 Early recognition of NME is essential 
as it will prevent catabolic clinical features and reduce the 
risk of metastasis.18 

 
Impaired fasting glycaemia or diabetes mellitus is present 
in 80% of patients with GS.19 The tumor secretes high 
levels of glucagon which in turn promotes glycogenolysis, 
gluconeogenesis, ketogenesis and lipidioresis by activating 
phosphorylase in the liver, stimulating secretion of insulin 
and inhibiting external secretion of the pancreas, thus 
resulting in hyperglycaemia.18 Hyperglucagonemia 
reduces plasma amino acid concentration and stimulates 
amino acid catabolism.18 
 
The diagnosis of glucagonoma in this case was confirmed 
by elevated plasma glucagon levels in keeping with 
similar findings in all patients in a case series in which the 
glucagon level ranged from 200 to >10,000 pmol.6 Plasma 
glucagon levels are usually elevated 10 to 20-fold in 
patients with glucagonoma (normal <50 pg/mL). 
Concentrations above 1000 pg/mL are virtually diagnostic 
of glucagonoma.20 Chromogranin A (Cg A) level was 
elevated in our case and in half of subjects in the case 
series.6 Cg A is a NETs biomarker and is expressed in 
almost 90% of NETs independent of its site of origin.21 It 
can aid in the diagnosis of NETs and can also be used as 
prognosis and as a biomarker to monitor disease 
progression.21  

 
Another biochemical result noted was anemia. 
Plurihormonal secretion of the tumor (serum glucagon, 
gastrin and chromogranin A) confers a guarded prognosis 
with short survival possibly due to the less-differentiated 
nature of the plurihormonal subtype.6 Somatostatin 
receptor scan (SRS) was positive in most of the patients in 
a case series.6 It is frequently used as a complementary 
method to conventional imaging like CT scan and MRI for 
supervision of somatostatin expression and dissemination 
of tumor metastases.22,23 

 
As illustrated in our patient case, the pancreatic tumor was 
readily visualised by CT scan imaging and the size was 
comparable with the average size of 6 cm reported in a 
case series.24 However, the position of the tumor at the 
neck and body of the pancreas was not classic for 
glucagonoma, which is more commonly found at the tail 
of the pancreas (45-75%).12 CT scan is usually the initial 
non-invasive radiographic test. Other imaging techniques 
that can be used to detect the tumor are abdominal 
ultrasound, MRI and selective visceral angiography.7 
Selective angiography of the celiac and superior 
mesenteric15 arteries is the gold standard in the diagnosis 
and localisation of glucagonoma as this tumor shows 
significant hypervascularity.7 In addition, this technique is 
able to demonstrate hepatic metastases even in a patient 
with a negative liver scan.7 The role of pancreatic venous 
sampling for glucagon levels in the diagnosis of small 

tumor has been reported.8 As a result of subtle and non-
specific manifestations, glucagonoma is usually diagnosed 
late with metastatic spread on diagnosis6 and in this 
patient’s case, liver metastases. The liver is the most 
common site for metastasis. Most of the time, the 
metastases are multiple, involving many hepatic segments 
and are variable in size.6 Other common sites for 
metastases are regional lymph nodes, bone, adrenal gland, 
kidney and lung.25,26 
 
The prognosis of glucagonoma varies depending on the 
stage in which the tumor was diagnosed. The tumor is 
resistant to chemotherapy as discussed later. This tumor 
however is slow-growing, and prolonged survival is 
possible (>20 years).15 In a case with metastasis, the cause 
of death is unrelated to the tumor.27 
 
Our patient was given a multimodal treatment combining 
medical and surgical therapy. Surgery rendered 2 patients 
with prolonged progression-free survival (4-6 years) and 1 
patient with free disease with additional hepatic 
metastasectomy in a case series.6 Surgical resection can 
lead to prolonged disease-free remission.28-30 As for the 
liver metastases, control by metastasectomy, cryoablation, 
radiofrequency ablation, or chemoembolization has been 
reported.19,22  
 
Our patient was also treated with somatostatin analogue 
(SSA), a potent inhibitor of glucagon secretion 
preoperatively and she responded well in terms of weight 
gain, general well-being and resolution of paraneoplastic 
manifestation i.e., NME. She was treated with long-acting 
octreotide (Sandostatin LAR), with a half-life of 3-4 weeks. 
As shown by the PROMID study, Octreotide LAR offers 
symptomatic control as well as reduction of tumor growth 
progression.31 However, we did not assess biochemical 
and imaging response of this SSA. In a case series, some 
response was noted following SSA therapy – 4/6 patients 
showed improvement of cutaneous symptoms, weight loss 
and general well-being, 50% reduction of plasma glucagon 
level in 2/6 patients but no objective tumor response on 
imaging.6 Other alternatives available are lanreotide 
autogel injection and interferon-alpha alone or in 
combination with SSA. New targeted therapies include 
antiangiogenic agents, peptide receptor radiotherapy 
(PRRT), mTOR inhibitors and VEGF inhibitors.1 Another 
available treatment modality utilised in a case series is an 
amino acid infusion which induced rapid long term 
resolution of NME rash & glossitis in 2/4 patients and local 
therapy to the liver (symptomatic response for external 
radiation to the liver and no response for trans-arterial 
chemoembolization or TACE).6 Intermittent infusions of 
amino acids and fatty acids have been associated with 
long-term resolution of necrolytic migratory erythema 
(NME).32 However, the evidence to support their use is 
limited to observational studies. In addition, amino acid 
infusions do not cause regression of tumor growth or 
other symptoms.32 

The following are recommendations for follow-up after 
treatment of a pancreatic neuroendocrine tumor:33 

● Three and six months postresection – history and 
physical examination, serum glucagon, and computed 
tomography/magnetic resonance imaging. 
● Long-term – history and physical examination with 
tumor markers every 6 to 12 months for years 1 to 3, and 
as clinically indicated thereafter. Imaging studies are 
recommended only as clinically indicated. 
 
CONCLUSION 
 
Glucagonoma is a rare NET with a subtle, variable 
presentation leading to late diagnosis. Therefore increased 
awareness and recognition of Glucagonoma Syndrome is 
vital in order for early diagnosis before development of 
metastases. 
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wedge resection of liver nodules. Histopathological 
examination of the tumor revealed NET of the pancreas 
with liver metastases, histological grade 2. 
Immunohistochemical staining was strong and diffusely 
positive for synaptophysin and focally positive for 
Chromogranin A. There were no postoperative 
complications and patient was scheduled for surveillance 
CT scan of the abdomen 6 month post-operation.  
 
DISCUSSION 
 
Glucagonoma Syndromes (GS) are paraneoplastic 
syndromes consisting of a clinical triad which includes 
glucagon-secreting pancreatic tumor, diabetes mellitus 
(DM) and NME.7 Stacpoole suggested a set of diagnostic 
criteria for glucagonoma in which all criteria should be 
fulfilled.8 The diagnostic criteria consist of demonstration 
of the tumor by direct visualisation or radiographically, 
proof that the tumor shows a preponderance of glucagon-
containing cells on appropriate staining and/or proof of 
increased tissue levels of immunoreactive glucagon; 
elevation of basal circulating immunoreactive glucagon; 
and at least one of the following coincidental findings; (a) 
skin rash, (b) glucose intolerance, or (c) 
hypoaminoacidemia. Other clinical syndromes associated 
with glucagonoma are stomatitis, anaemia,9 venous 
thromboembolism10 neuropsychiatric disturbances (most 
often depression and/or psychosis),11 diarrhoea and, rarely, 
dilated cardiomyopathy. GS can be further classified into 3 
clinical types i.e., glucagonoma with skin syndrome 
(NME), glucagonoma with mild diabetes and glucagonoma 
with multiple syndromes.12 Our patient fulfilled all the 
diagnostic criteria for glucagonoma and belongs to the last 
group with presence of diabetes and NME. 
 
NME is present in almost 70% of patients.13,14 NME is 
characterised by irregular annular eruptions (central 
healing area) with serpiginous advancing borders, erosion, 
and crusting, resulting in a scalded appearance.15 It is 
suggestive of glucagonoma but is not pathognomonic for 
the syndrome. NME was also reported to be found in 
other disorders such as hepatic dysfunction and 
cirrhosis,16 jejunal and rectal adenocarcinoma, villous 
atrophy of the small intestines and myelodysplastic 
syndromes.6 The skin eruption usually involves the 
inguinal canal, perineum, buttocks and lower extremities.7 
It is characterized by cyclical pattern of spontaneous 
remission and exacerbation.7 The underlying cause for 
NME skin changes is still unclear. Increased glucagon perÊ
se does not cause NME since it was also reported in other 
disorders not related to high glucagon level as mentioned 
above. However, normalisation of glucagon level by 
means of surgery or somatostatin analogues invariably 
results in rapid resolution of NME.15 Hyperglucagonemia 
probably provokes the metabolic deficiency of zinc, 
essential fatty acids and amino acids and has been 
considered as a possible cause of NME. However, not all 
patients with NME present with these metabolic changes, 
and not all patients with NME and metabolic deficiency 

achieve complete resolution of the skin lesion with 
supplementation.17 Early recognition of NME is essential 
as it will prevent catabolic clinical features and reduce the 
risk of metastasis.18 

 
Impaired fasting glycaemia or diabetes mellitus is present 
in 80% of patients with GS.19 The tumor secretes high 
levels of glucagon which in turn promotes glycogenolysis, 
gluconeogenesis, ketogenesis and lipidioresis by activating 
phosphorylase in the liver, stimulating secretion of insulin 
and inhibiting external secretion of the pancreas, thus 
resulting in hyperglycaemia.18 Hyperglucagonemia 
reduces plasma amino acid concentration and stimulates 
amino acid catabolism.18 
 
The diagnosis of glucagonoma in this case was confirmed 
by elevated plasma glucagon levels in keeping with 
similar findings in all patients in a case series in which the 
glucagon level ranged from 200 to >10,000 pmol.6 Plasma 
glucagon levels are usually elevated 10 to 20-fold in 
patients with glucagonoma (normal <50 pg/mL). 
Concentrations above 1000 pg/mL are virtually diagnostic 
of glucagonoma.20 Chromogranin A (Cg A) level was 
elevated in our case and in half of subjects in the case 
series.6 Cg A is a NETs biomarker and is expressed in 
almost 90% of NETs independent of its site of origin.21 It 
can aid in the diagnosis of NETs and can also be used as 
prognosis and as a biomarker to monitor disease 
progression.21  

 
Another biochemical result noted was anemia. 
Plurihormonal secretion of the tumor (serum glucagon, 
gastrin and chromogranin A) confers a guarded prognosis 
with short survival possibly due to the less-differentiated 
nature of the plurihormonal subtype.6 Somatostatin 
receptor scan (SRS) was positive in most of the patients in 
a case series.6 It is frequently used as a complementary 
method to conventional imaging like CT scan and MRI for 
supervision of somatostatin expression and dissemination 
of tumor metastases.22,23 

 
As illustrated in our patient case, the pancreatic tumor was 
readily visualised by CT scan imaging and the size was 
comparable with the average size of 6 cm reported in a 
case series.24 However, the position of the tumor at the 
neck and body of the pancreas was not classic for 
glucagonoma, which is more commonly found at the tail 
of the pancreas (45-75%).12 CT scan is usually the initial 
non-invasive radiographic test. Other imaging techniques 
that can be used to detect the tumor are abdominal 
ultrasound, MRI and selective visceral angiography.7 
Selective angiography of the celiac and superior 
mesenteric15 arteries is the gold standard in the diagnosis 
and localisation of glucagonoma as this tumor shows 
significant hypervascularity.7 In addition, this technique is 
able to demonstrate hepatic metastases even in a patient 
with a negative liver scan.7 The role of pancreatic venous 
sampling for glucagon levels in the diagnosis of small 

tumor has been reported.8 As a result of subtle and non-
specific manifestations, glucagonoma is usually diagnosed 
late with metastatic spread on diagnosis6 and in this 
patient’s case, liver metastases. The liver is the most 
common site for metastasis. Most of the time, the 
metastases are multiple, involving many hepatic segments 
and are variable in size.6 Other common sites for 
metastases are regional lymph nodes, bone, adrenal gland, 
kidney and lung.25,26 
 
The prognosis of glucagonoma varies depending on the 
stage in which the tumor was diagnosed. The tumor is 
resistant to chemotherapy as discussed later. This tumor 
however is slow-growing, and prolonged survival is 
possible (>20 years).15 In a case with metastasis, the cause 
of death is unrelated to the tumor.27 
 
Our patient was given a multimodal treatment combining 
medical and surgical therapy. Surgery rendered 2 patients 
with prolonged progression-free survival (4-6 years) and 1 
patient with free disease with additional hepatic 
metastasectomy in a case series.6 Surgical resection can 
lead to prolonged disease-free remission.28-30 As for the 
liver metastases, control by metastasectomy, cryoablation, 
radiofrequency ablation, or chemoembolization has been 
reported.19,22  
 
Our patient was also treated with somatostatin analogue 
(SSA), a potent inhibitor of glucagon secretion 
preoperatively and she responded well in terms of weight 
gain, general well-being and resolution of paraneoplastic 
manifestation i.e., NME. She was treated with long-acting 
octreotide (Sandostatin LAR), with a half-life of 3-4 weeks. 
As shown by the PROMID study, Octreotide LAR offers 
symptomatic control as well as reduction of tumor growth 
progression.31 However, we did not assess biochemical 
and imaging response of this SSA. In a case series, some 
response was noted following SSA therapy – 4/6 patients 
showed improvement of cutaneous symptoms, weight loss 
and general well-being, 50% reduction of plasma glucagon 
level in 2/6 patients but no objective tumor response on 
imaging.6 Other alternatives available are lanreotide 
autogel injection and interferon-alpha alone or in 
combination with SSA. New targeted therapies include 
antiangiogenic agents, peptide receptor radiotherapy 
(PRRT), mTOR inhibitors and VEGF inhibitors.1 Another 
available treatment modality utilised in a case series is an 
amino acid infusion which induced rapid long term 
resolution of NME rash & glossitis in 2/4 patients and local 
therapy to the liver (symptomatic response for external 
radiation to the liver and no response for trans-arterial 
chemoembolization or TACE).6 Intermittent infusions of 
amino acids and fatty acids have been associated with 
long-term resolution of necrolytic migratory erythema 
(NME).32 However, the evidence to support their use is 
limited to observational studies. In addition, amino acid 
infusions do not cause regression of tumor growth or 
other symptoms.32 

The following are recommendations for follow-up after 
treatment of a pancreatic neuroendocrine tumor:33 

● Three and six months postresection – history and 
physical examination, serum glucagon, and computed 
tomography/magnetic resonance imaging. 
● Long-term – history and physical examination with 
tumor markers every 6 to 12 months for years 1 to 3, and 
as clinically indicated thereafter. Imaging studies are 
recommended only as clinically indicated. 
 
CONCLUSION 
 
Glucagonoma is a rare NET with a subtle, variable 
presentation leading to late diagnosis. Therefore increased 
awareness and recognition of Glucagonoma Syndrome is 
vital in order for early diagnosis before development of 
metastases. 
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wedge resection of liver nodules. Histopathological 
examination of the tumor revealed NET of the pancreas 
with liver metastases, histological grade 2. 
Immunohistochemical staining was strong and diffusely 
positive for synaptophysin and focally positive for 
Chromogranin A. There were no postoperative 
complications and patient was scheduled for surveillance 
CT scan of the abdomen 6 month post-operation.  
 
DISCUSSION 
 
Glucagonoma Syndromes (GS) are paraneoplastic 
syndromes consisting of a clinical triad which includes 
glucagon-secreting pancreatic tumor, diabetes mellitus 
(DM) and NME.7 Stacpoole suggested a set of diagnostic 
criteria for glucagonoma in which all criteria should be 
fulfilled.8 The diagnostic criteria consist of demonstration 
of the tumor by direct visualisation or radiographically, 
proof that the tumor shows a preponderance of glucagon-
containing cells on appropriate staining and/or proof of 
increased tissue levels of immunoreactive glucagon; 
elevation of basal circulating immunoreactive glucagon; 
and at least one of the following coincidental findings; (a) 
skin rash, (b) glucose intolerance, or (c) 
hypoaminoacidemia. Other clinical syndromes associated 
with glucagonoma are stomatitis, anaemia,9 venous 
thromboembolism10 neuropsychiatric disturbances (most 
often depression and/or psychosis),11 diarrhoea and, rarely, 
dilated cardiomyopathy. GS can be further classified into 3 
clinical types i.e., glucagonoma with skin syndrome 
(NME), glucagonoma with mild diabetes and glucagonoma 
with multiple syndromes.12 Our patient fulfilled all the 
diagnostic criteria for glucagonoma and belongs to the last 
group with presence of diabetes and NME. 
 
NME is present in almost 70% of patients.13,14 NME is 
characterised by irregular annular eruptions (central 
healing area) with serpiginous advancing borders, erosion, 
and crusting, resulting in a scalded appearance.15 It is 
suggestive of glucagonoma but is not pathognomonic for 
the syndrome. NME was also reported to be found in 
other disorders such as hepatic dysfunction and 
cirrhosis,16 jejunal and rectal adenocarcinoma, villous 
atrophy of the small intestines and myelodysplastic 
syndromes.6 The skin eruption usually involves the 
inguinal canal, perineum, buttocks and lower extremities.7 
It is characterized by cyclical pattern of spontaneous 
remission and exacerbation.7 The underlying cause for 
NME skin changes is still unclear. Increased glucagon perÊ
se does not cause NME since it was also reported in other 
disorders not related to high glucagon level as mentioned 
above. However, normalisation of glucagon level by 
means of surgery or somatostatin analogues invariably 
results in rapid resolution of NME.15 Hyperglucagonemia 
probably provokes the metabolic deficiency of zinc, 
essential fatty acids and amino acids and has been 
considered as a possible cause of NME. However, not all 
patients with NME present with these metabolic changes, 
and not all patients with NME and metabolic deficiency 

achieve complete resolution of the skin lesion with 
supplementation.17 Early recognition of NME is essential 
as it will prevent catabolic clinical features and reduce the 
risk of metastasis.18 

 
Impaired fasting glycaemia or diabetes mellitus is present 
in 80% of patients with GS.19 The tumor secretes high 
levels of glucagon which in turn promotes glycogenolysis, 
gluconeogenesis, ketogenesis and lipidioresis by activating 
phosphorylase in the liver, stimulating secretion of insulin 
and inhibiting external secretion of the pancreas, thus 
resulting in hyperglycaemia.18 Hyperglucagonemia 
reduces plasma amino acid concentration and stimulates 
amino acid catabolism.18 
 
The diagnosis of glucagonoma in this case was confirmed 
by elevated plasma glucagon levels in keeping with 
similar findings in all patients in a case series in which the 
glucagon level ranged from 200 to >10,000 pmol.6 Plasma 
glucagon levels are usually elevated 10 to 20-fold in 
patients with glucagonoma (normal <50 pg/mL). 
Concentrations above 1000 pg/mL are virtually diagnostic 
of glucagonoma.20 Chromogranin A (Cg A) level was 
elevated in our case and in half of subjects in the case 
series.6 Cg A is a NETs biomarker and is expressed in 
almost 90% of NETs independent of its site of origin.21 It 
can aid in the diagnosis of NETs and can also be used as 
prognosis and as a biomarker to monitor disease 
progression.21  

 
Another biochemical result noted was anemia. 
Plurihormonal secretion of the tumor (serum glucagon, 
gastrin and chromogranin A) confers a guarded prognosis 
with short survival possibly due to the less-differentiated 
nature of the plurihormonal subtype.6 Somatostatin 
receptor scan (SRS) was positive in most of the patients in 
a case series.6 It is frequently used as a complementary 
method to conventional imaging like CT scan and MRI for 
supervision of somatostatin expression and dissemination 
of tumor metastases.22,23 

 
As illustrated in our patient case, the pancreatic tumor was 
readily visualised by CT scan imaging and the size was 
comparable with the average size of 6 cm reported in a 
case series.24 However, the position of the tumor at the 
neck and body of the pancreas was not classic for 
glucagonoma, which is more commonly found at the tail 
of the pancreas (45-75%).12 CT scan is usually the initial 
non-invasive radiographic test. Other imaging techniques 
that can be used to detect the tumor are abdominal 
ultrasound, MRI and selective visceral angiography.7 
Selective angiography of the celiac and superior 
mesenteric15 arteries is the gold standard in the diagnosis 
and localisation of glucagonoma as this tumor shows 
significant hypervascularity.7 In addition, this technique is 
able to demonstrate hepatic metastases even in a patient 
with a negative liver scan.7 The role of pancreatic venous 
sampling for glucagon levels in the diagnosis of small 

tumor has been reported.8 As a result of subtle and non-
specific manifestations, glucagonoma is usually diagnosed 
late with metastatic spread on diagnosis6 and in this 
patient’s case, liver metastases. The liver is the most 
common site for metastasis. Most of the time, the 
metastases are multiple, involving many hepatic segments 
and are variable in size.6 Other common sites for 
metastases are regional lymph nodes, bone, adrenal gland, 
kidney and lung.25,26 
 
The prognosis of glucagonoma varies depending on the 
stage in which the tumor was diagnosed. The tumor is 
resistant to chemotherapy as discussed later. This tumor 
however is slow-growing, and prolonged survival is 
possible (>20 years).15 In a case with metastasis, the cause 
of death is unrelated to the tumor.27 
 
Our patient was given a multimodal treatment combining 
medical and surgical therapy. Surgery rendered 2 patients 
with prolonged progression-free survival (4-6 years) and 1 
patient with free disease with additional hepatic 
metastasectomy in a case series.6 Surgical resection can 
lead to prolonged disease-free remission.28-30 As for the 
liver metastases, control by metastasectomy, cryoablation, 
radiofrequency ablation, or chemoembolization has been 
reported.19,22  
 
Our patient was also treated with somatostatin analogue 
(SSA), a potent inhibitor of glucagon secretion 
preoperatively and she responded well in terms of weight 
gain, general well-being and resolution of paraneoplastic 
manifestation i.e., NME. She was treated with long-acting 
octreotide (Sandostatin LAR), with a half-life of 3-4 weeks. 
As shown by the PROMID study, Octreotide LAR offers 
symptomatic control as well as reduction of tumor growth 
progression.31 However, we did not assess biochemical 
and imaging response of this SSA. In a case series, some 
response was noted following SSA therapy – 4/6 patients 
showed improvement of cutaneous symptoms, weight loss 
and general well-being, 50% reduction of plasma glucagon 
level in 2/6 patients but no objective tumor response on 
imaging.6 Other alternatives available are lanreotide 
autogel injection and interferon-alpha alone or in 
combination with SSA. New targeted therapies include 
antiangiogenic agents, peptide receptor radiotherapy 
(PRRT), mTOR inhibitors and VEGF inhibitors.1 Another 
available treatment modality utilised in a case series is an 
amino acid infusion which induced rapid long term 
resolution of NME rash & glossitis in 2/4 patients and local 
therapy to the liver (symptomatic response for external 
radiation to the liver and no response for trans-arterial 
chemoembolization or TACE).6 Intermittent infusions of 
amino acids and fatty acids have been associated with 
long-term resolution of necrolytic migratory erythema 
(NME).32 However, the evidence to support their use is 
limited to observational studies. In addition, amino acid 
infusions do not cause regression of tumor growth or 
other symptoms.32 

The following are recommendations for follow-up after 
treatment of a pancreatic neuroendocrine tumor:33 

● Three and six months postresection – history and 
physical examination, serum glucagon, and computed 
tomography/magnetic resonance imaging. 
● Long-term – history and physical examination with 
tumor markers every 6 to 12 months for years 1 to 3, and 
as clinically indicated thereafter. Imaging studies are 
recommended only as clinically indicated. 
 
CONCLUSION 
 
Glucagonoma is a rare NET with a subtle, variable 
presentation leading to late diagnosis. Therefore increased 
awareness and recognition of Glucagonoma Syndrome is 
vital in order for early diagnosis before development of 
metastases. 
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Abstract 
 
Osteomalacia is one of the post-gastrectomy complications resulting from the impaired absorption of vitamin D and 
calcium.1 Vitamin D deficiency or osteomalacia can be diagnosed by clinical, biochemical and radiographic 
parameters, and bone biopsy. The radiologic findings of “Looser zones” or pseudofractures aid in the diagnosis. 
Severe generalized pain, mimicking rheumatologic disorders is one of the features that maybe a presenting complaint 
of osteomalacia. We report a case of osteomalacia as a consequence of gastric by-pass surgery.  
 
KeyÊwords:Êosteomalacia,Êpost-gastrectomy,Êmalabsorption,ÊLooserÊzonesÊ

Ê
INTRODUCTION 
 
Osteomalacia is a condition of defective skeletal 
mineralization in adults. Generalized aches and pain may 
be one of the presenting features in osteomalacia and it 
can be overlooked and misdiagnosed as a rheumatological 
disorder. Vitamin D deficiency is a recognized 
complication of gastric by-pass surgery due to 
malabsorption of vitamin D and calcium. 
 
CASE 
 
A 33-year-old Indian woman presented with the 
complaint of generalized body pain. Previously she had 
been treated as a case of rheumatoid arthritis by her 
primary care doctor. She had been frequently taking 
various analgesics for the pain, which she had felt for 
many years. The pain was non-specific and not well-
localized but more noticeable in the four extremities, 
shoulders and chest. Severe pain was experienced even 
with light touch. She also complained of difficulty in 
getting up from a sitting position.  
 
She had a gastric bypass surgery at the age of 14 for 
complicated peptic ulcer. Since then, she had been having 
frequent loose bowel movement, with no apparent blood, 
mucus or steatorrhoea. Other than worsening with intake of 
coffee, tea or milk, there were no other specific identified 
aggravating factors for the diarrhea.  During this time, she 
experienced repeated attacks of epigastric pain and vomiting 
of gastric contents and occasional bile-stained fluid. She 
became fastidious with her diet and only ate rice, beans and 
dried fish. She also felt weak and breathless on exertion. 

On physical examination, the patient appeared pale and 
thin, with a body weight of 41.8 kg, height of 1.63 m, and 
body mass index of 15.8 kg/m2. Her blood pressure was 
90/60 mmHg and pulse rate was 88/min. Respiratory and 
cardiovascular examinations were normal. Abdominal 
examination was unremarkable apart from a surgical scar. 
On examination of the musculoskeletal system, there was 
neither joint swelling nor deformity. Tenderness was 
elicited on pressure over her chest and limbs. On 
neurological examination, there was no significant 
neurologic deficit. 
 
Initial laboratory tests revealed a hemoglobin level of 8.6 
g/dL, with a mean corpuscular volume of 63 fL/cell (Table 
1). The white cell count, platelet, ESR, blood urea and 
electrolytes were within normal range (Table 2). 
Biochemical analysis for malabsorption revealed iron 
deficiency anemia, with low serum iron (5.14 µmol/L), low 
serum ferritin (7.14 ng/mL) and normal total iron-binding 
capacity (59 µmol/L). Corrected calcium level was also low 
(2.1 mmol/L). Vitamin B12, serum folate and serum 
albumin levels were within normal limits. To exclude 
other causes of malabsorption like celiac disease, anti-
gliadin antibodies and anti-endomysium IgA was done 
and were negative. Viral and bacterial causes of enteritis, 
such as antibodies to HIV, hepatitis B, hepatitis C and 
mycobacterium, were all negative. Fecal studies showed 
absence of reducing sugar, glucose, occult blood and fat 
globules. Other endocrine disorders were excluded by 
normal serum cortisol and thyroid function tests (Table 3). 
Tests for rheumatologic disorders such as rheumatoid 
factor, anti-nuclear antibody and antibody to extracted 
nuclear antigen profile were negative (Table 4).  

55www.asean-endocrinejournal.org

ONLINE FIRST | April 13, 2016 | http://dx.doi.org/10.15605/jafes.031.01.10

Vol. 31 No. 1 May 2016

Case Report Journal of the
ASEAN Federation of
Endocrine Societies


