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Summary

We present a 60-year-old woman who underwent successful surgical resection (partial pancreatectomy) for a low 
grade non-functioning pancreatic neuroendocrine tumour (pNET), with no biochemical or radiological features of 
recurrence on follow-up visits for 5 years. Fourteen years after the initial surgery, she developed spontaneous severe 
hypoglycaemic episodes which required hospitalisation, with subsequent investigations confirming the diagnosis of a 
metastatic insulin-secreting pNET (insulinoma). Medical management of her severe spontaneous hypoglycaemic episodes 
remained challenging, despite optimum use of diazoxide and somatostatin analogue therapy. Based on a discussion at 
the regional neuroendocrine tumour multidisciplinary team meeting, she underwent an elective hepatic trans-arterial 
embolization which was unfortunately unsuccessful. She ended up requiring an emergency right hemihepatectomy and 
left retroperitoneal mass resection which finally stabilised her clinical condition.
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Learning points:

•• Ours is only the seventh case report of a previously benign pNET presenting as a functional insulin secreting 
metastatic tumour. However, it is the first case report, in which the metastatic functional pNET presented after 
such a long hiatus (14 years).

•• There is currently no clear consensus regarding the length of follow-up of non-functional pNET which are deemed 
cured post-surgical resection, with most guidelines advocating a median follow up of 5 years (1). The delayed 
presentation in our case suggests additional considerations should be made regarding optimal post-operative 
surveillance duration based on the age of the patient, location of the tumour, lymph node spread and Ki-67 index.

•• Hepatic artery embolization and/or partial hepatectomy remains a treatment option for pNET patients with 
significant hepatic metastasis.

Background

Insulinoma is an extremely rare pNET, with an estimated 
incidence of two to four cases per 1 million person years (2). 
About 10% of these tumours are reported to be functional 
(malignant) (2), presenting classically with symptoms 
of hypoglycaemia and weight loss. The diagnosis of an 
insulinoma has historically been suggested by Whipple’s 
Triad, which consists of hypoglycaemia (blood glucose 

reading <3 mmol/L), symptoms of hypoglycaemia and 
relief of symptoms following administration of glucose. 
However, to diagnose an insulinoma, simultaneous blood 
tests are needed to show an inappropriately high serum 
insulin reading (>10 µU/mL) with a low blood glucose (<3 
mmol/L), as well as a raised C-peptide level (>2.5 ng/mL) 
and a negative sulfonylurea screen. The gold standard for 
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diagnosing insulinoma is a 72 h fast in which to perform 
these blood tests (3).

The transformation of an established non-functioning 
pNET into an insulin-secreting metastatic tumour has 
been reported in only six previous case reports. Ours 
is the first case of a functional pNET (insulinoma)  
presenting after such a prolonged hiatus (14 years post 
what was deemed as a successful resection of a non-
functional pNET). 

Case presentation

In September 2019, our patient, a 59-year-old woman was 
found unconscious at home by her family. Her capillary 
blood glucose levels were noted to be low (1.1 mmol/L) 
by the paramedics who, on arrival at the scene, promptly 
initiated i.v. dextrose infusion as per the protocol. 
There was a rapid improvement in her cognitive state 
with this treatment with her subsequent venous blood 
glucose on arrival to the Accident & Emergency (A&E) 
Department being 8.4 mmol/L. She had experienced 
coryzal symptoms, arthralgia and episodic confusion for 
around 2 weeks prior to this admission, but there were 
no metabolic derangements on her routine biochemical 
tests. The CT scan of head arranged by the A&E team also 
showed a normal appearance.

In 2005, while being investigated for right upper 
quadrant pain, she was found to have a well-localised 
cystic tumour, measuring 4 × 4 cm in the body of the 
pancreas on CT. She subsequently underwent a distal 
pancreatectomy and splenectomy (due to involvement 
of the splenic artery) along with removal of regional 
lymph nodes. The histopathology analysis confirmed 
the diagnosis of a low grade (grade 2), well-differentiated 
pancreatic neuroendocrine tumour (pNET) with regional 
lymph node spread (involving two out of the four resected 
lymph nodes). The resection margins were free from 
tumour and immunochemistry undertaken had positive 
staining for chromogranin A, synaptophysin and glucagon 
with a Ki-67 proliferation index of 5%. As there were no 
clinical features suggestive of a functional pNET, with a 
normal biochemistry profile, immunostaining for insulin 
or other hormones was not deemed necessary at this stage. 
She remained under regular clinical surveillance for the 
next 5 years with no biochemical (fasting gut hormone 
profile and chromogranin A level) or radiological features 
(CT thorax, abdomen and pelvis) of disease recurrence  
or relapse. 

Her hospital admission in 2019 was marked by 
multiple spontaneous hypoglycaemic episodes which 

were initially treated with infusions of i.v. dextrose, up to 
20% in concentration.

Investigation

Her initial biochemical and haematological investigations 
including full blood count, renal and liver function tests, 
bone profile, inflammatory markers and septic screen, 
thyroid function test and 09:00 h cortisol levels were 
all within the normal ranges. Her venous blood glucose 
levels, however, were persistently low (range: 1.6 to 13.8 
mmol/L) with an inappropriately elevated C-peptide 
of 2953 pmol/L and insulin of >1000 mU/L at the time 
of a venous glucose of 3.3 mmol/L, consistent with an 
endogenous source of insulin secretion. The sulfonylurea 
screen was negative. Further blood results later supported 
this with a chromogranin A of 114 pmol/L (0–60) and 
chromogranin B of 226 pmol/L (0–150) (Table 1).

CT TAP showed multiple large volume peripherally 
enhancing liver metastases in segments 5, 6, 7 and 8, 
with the largest deposit lying in the right hepatic lobe 
measuring 11.3 cm in diameter (Figs 1 and 2). In addition, 
there was an 8.2 cm left para-aortic metastatic tumour 
deposit (Figs 2 and 3) together with a smaller metastatic 
deposit anterior to the left renal vein. A subsequent liver 
biopsy confirmed the diagnosis of a well-differentiated 
grade 2 NET (Ki67 3%, synaptophysin and chromogranin 
positive) (Figs 4, 5, 6, 7 and 8).

Treatment

Our patient continued to experience severe spontaneous 
hypoglycaemic episodes despite multiple continuous i.v. 
dextrose infusions, in addition to a carbohydrate rich 
diet. She was initiated on a gradually titrating dose of 
diazoxide, starting at 125 mg three times a day (TDS). 
This was increased to 150 mg TDS after 9 days, then to 
175 mg TDS another 3 days later. Initially, on the lower 
doses of diazoxide, there was no significant change to 
her hypoglycaemic pattern. Higher doses of diazoxide, 

Table 1 Showing relevant biochemical parameters  
on admission.

Value Normal value

Glucose, mmol/L 3.3 4–7
C-peptide, pmol/L 2953 <200 
Insulin, mU/L >1000 <25 (fasting)
Chromogranin A, pmol/L 114 0–60 
Chromogranin B, pmol/L 226 0–150 
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however, did decrease the frequency of hypoglycaemic 
episodes, allowing the i.v. dextrose infusions to be 
stopped, but, unfortunately, she developed side effects 
of intense nausea, fluid retention (requiring concomitant 
use of furosemide) and diarrhoea. She also developed 
a rash which was later biopsied and confirmed to be 
secondary to a drug reaction. Considering the chronology 
of clinical events, diazoxide was deemed as the most 
likely medication which induced this cutaneous reaction. 
In an attempt to medically manage her hypoglycaemic 
episodes pending possible surgical intervention, she was 
initiated on octreotide subcutaneous (SC) injections, 
starting at 50 µg twice daily (BD), increasing up to 200 µg 
TDS over 6 days. This was used alongside a lower dose of 
diazoxide (100 mg TDS), all the while closely monitoring 
her plasma glucose readings. However, unfortunately, this 
combination failed to reduce the frequency or intensity of 
her severe hypoglycaemic episodes.

Following discussions at the regional neuroendocrine 
tumour multidisciplinary team meeting (NET MDT),  
our patient underwent an elective hepatic artery 
embolization of the culprit liver lesions in an attempt 
to alleviate her symptoms. It was felt that this would be 

successful in stabilising the patient’s blood sugars. This 
was achieved, but lasted only 48 h before the patient’s 
blood glucose dropped to 2.7 mmol/L, without IV dextrose 
infusion. Due to the patient’s deterioration and the side 
effects experienced secondary to diazoxide, it was agreed 
that medical management was not possible and the only 
option likely to be successful was surgery. An emergency 
laparotomy was therefore performed to debulk the disease 
and all macroscopic metastasis was completely resected 
with a right hemihepatectomy and left retroperitoneal 
mass resection. She recovered well, with no post-operative 
complications, and achieved normoglycaemia before 
being subsequently discharged home.

Outcome and follow-up

Histology results of the resected tumour deposits were 
consistent with the original results of a grade 2 well-
differentiated metastatic NET with negative tumour 

Figure 1
Contrast-enhanced CT showing liver metastases including a right hepatic 
lobe lesion measuring 11.3 cm in diameter.

Figure 3
Contrast-enhanced CT showing liver metastases including a 8.2 cm left 
para-aortic metastatic tumour deposit.

Figure 2
Contrast-enhanced CT showing liver metastases and retroperitoneal mass.

Figure 4
Liver metastasis histology showing a nested and trabecular growth 
pattern (haematoxylin and eosin staining).
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margins. Since the emergency surgery in November 2019, 
our patient has been clinically stable and remains under 
biochemical and radiological life-long surveillance.

Discussion

Pancreatic neuroendocrine tumours (pNET) are 
uncommon, comprising less than 5% of all pancreatic 
tumours and 7% of all neuroendocrine tumours (4). Eighty 
percent of these are benign (non-functional), although 
their incidence is increasing due to an improvement 
in imaging modalities. Ten percent are part of multiple 
tumours (such as in multiple endocrine neoplasia type 
1 (MEN-1)) and only 10% are metastatic malignant 
insulinoma (2). A significant proportion of non-functional 
pNET may be detected incidentally, as was the case in  
our patient.

pNET are believed to be derived from the ductal 
epithelial stem cells (5). Most of these tumours are solitary, 
sporadic, well differentiated and follow an indolent course, 

although familial conditions such as MEN-1, von Hippel–
Lindau syndrome (vHL), neurofibromatosis type 1 (NF1) 
and tuberous sclerosis may be associated with multifocal 
pNET. Reassuringly, our patient did not have a family 
history or any other clinical/biochemical characteristics 
of any of these genetic conditions.

The transformation of an established non-functioning 
pNET into an insulin-secreting metastatic tumour has only 
been reported in six previous case reports. However, in 
most of these cases, patients had not undergone surgical 
removal of their pNET and displayed malignant clinical 
characteristics within a relatively short frame of time.

Two cases have been described by Yu et  al. (6), one 
of which included a patient with grade 2 pNET with 
lymph node metastases who underwent pancreatico-
duodenectomy and received adjuvant chemotherapy, 
but represented 2 years later with hepatic metastases. She 
finally showed symptoms of hypoglycaemia 7 years after 
her original diagnosis, although she received continuous 

Figure 5
Retroperitoneal mass histology (haematoxylin and eosin staining).

Figure 6
Ki67 stained nuclei.

Figure 7
Positive insulin immunostaining in tumour cells.

Figure 8
Strongly positive chromogranin A immunostaining.
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treatment (chemotherapy) over this time-frame. The other 
case described by Yu et al. was of a patient with a grade 1 
pNET who had multiple surgical procedures to remove the 
tumour and eventually presented 5 years after his initial 
diagnosis with hypoglycaemia secondary to a functional 
pNET (insulinoma).

Koshy et al. (7) have reported a similar case regarding 
a woman who presented with recurrent hypoglycaemia 
6 years after resection of a non-functioning pNET. 
However, again, this patient was found to have hepatic 
metastases 2 years after her original resection and the 
hepatic lesions were biopsied but not removed. In 
contrast to the aforementioned case reports, our patient 
remained asymptomatic and showed no biochemical and 
radiological features of disease recurrence or relapse for 5 
years post-surgical resection of her non-functional pNET.

In three of the other four case reports, at least one liver 
metastasis was evident at the time of initial presentation 
(8, 9, 10). The 4th report, Arslan et al. (11), documented 
the case of a 62-year-old male who had initially presented 
with abdominal pain and was found to have a 20 × 12 mm 
pancreatic tail lesion on CT abdomen. The patient did not 
agree to the recommended investigations initially as his 
abdominal pain resolved. Unfortunately, after 24 months, 
he experienced severe, life-threatening spontaneous 
hypoglycaemic episodes which were subsequently 
confirmed to be due to a malignant insulinoma with 
metastases to the liver and peripancreatic lymph nodes. 
None of the four previously reported patients were 
treated with surgical resection, with chemotherapy or 
immunotherapy being the preferred treatment modalities. 
The symptoms related to spontaneous hypoglycaemia 
secondary to functional insulin-secreting pNET all 
developed within 4 years of initial presentation.

The small number of similar case reports once again 
highlights the rarity of metastatic insulinoma in clinical 
practice. From a review of the literature, our patient 
appears to be particularly unique in having such a delayed 
presentation of functioning insulinoma after the initial 
tumour resection.

The onset of severe hypoglycaemic symptoms in our 
patient was relatively sudden and rapidly progressive, 
warranting hospital admission. Although the initial 
surgical resection was complete with clear margins, 
it is possible that microscopic tumour cells remained 
dormant in the non-resected pancreas. The relatively low 
proliferative index of the primary tumour could explain 
the delayed secondary presentation 14 years later. In 
addition, the functional transformation (non-functional 
to insulin secreting) is in line with the previous case reports 

(6, 7, 8, 9, 10, 11), albeit remaining a rare phenomenon. 
Alternatively, the development of a metastatic insulin-
secreting pNET after a previous successful resection of 
a non-functional pNET could have been a coincidence, 
with genetic instability contributing to it. This could be a 
possibility in our patient, given the long interval between 
the two presentations, albeit less likely than the former 
theory. The exact molecular mechanism of development 
of sporadic pNET remains unclear, although, based on 
SNP studies, four chromosomal abnormalities have been 
linked to the development of 60% of them (12). Loss of 
chromosomes 3q, 6pq, and 10pq, and gains of 5q, 12a, 
18q, and 20q have all been linked with the development 
of malignant transformations of pNET.

There are no clear guidelines for the median 
follow-up duration of patients with benign pNET who 
are deemed cured post-surgical resection. The European 
Neuroendocrine Tumour Society (ENETS), in their latest 
guidelines, has made no specific recommendation for 
the duration of follow up for these patients who undergo 
successful surgical resection (13). On the other hand, 
the French NET society guidelines suggest no long-term 
follow-up is required in the subgroup of patients deemed 
cured of disease (14). ENETS, however, do recommend 
5-year follow-up for high grade gastroenteropancreatic 
neuroendocrine tumours (1). Consensus guidelines 
from the Commonwealth Neuroendocrine Tumour 
Collaboration (CommNETS) in conjunction with the 
North American Neuroendocrine Tumour Society 
(NANETS) advocate a follow-up period of 10 years, with 
particular consideration for more frequent or longer 
follow-up of patients with a Ki-67 index over 5% or any 
number of positive lymph nodes (15). Our patient would 
therefore fall into this category. Due to the rarity of these 
tumours and the variation in each case, it seems necessary 
to take each decision on follow-up on an individualised 
basis. Metastatic insulin-secreting pNET remain rare and 
based on the experience of our case, a longer duration 
of surveillance might be more appropriate in patients 
presenting at a younger age, with consideration given to 
Ki-67 index and loco-regional tumour spread.

Our patient underwent a partial pancreatectomy for 
a pancreatic lesion which was subsequently confirmed to 
be a low grade, well-differentiated pNET on histology. The 
patient underwent clinical, biochemical and radiological 
surveillance for 5 years post-surgery. She presented 
another 14 years post-elective partial pancreatectomy 
with spontaneous hypoglycaemic episodes; subsequent 
investigations confirming diagnosis of a metastatic 
insulin-secreting pNET. The delayed presentation, in 
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this case, highlights the importance of a prolonged or 
possibly life-long surveillance for such patients, in view of 
the potential of recurrence of this slow-growing tumour 
which may remain indolent in body.
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