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ABSTRACT 

Insulinomas are rare pancreatic insulin-producing neuroendocrine neoplasms 
(NENs), with an incidence of 1–4 per million persons per year. The incidence of all 
NENs has increased during the past few decades, at least partly due to the improved 
imaging studies and clinical awareness. In insulinomas, the excessive insulin secreted 
by the tumour leads to repeated episodes of hypoglycaemia, especially in the fasting 
state. This appears as neuroglycopenic symptoms (such as confusion, visual 
disturbances and loss of consciousness) caused by the brain’s deprivation of glucose, 
and autonomic symptoms (such as palpitations and diaphoresis) caused by activation 
of the autonomic nervous system due to hypoglycaemia. Because of the diverse 
symptoms and the rarity of the disease, the delay from the beginning of the 
symptoms to the diagnosis of insulinoma is often long. Insulinomas are usually non-
metastatic and considered cured after a surgical removal of the tumour, but little is 
known about the long-term prognosis of insulinoma patients. For patients with a 
metastatic insulinoma (<10% of all insulinoma patients), the overall survival is 
known to be significantly impaired, with a median survival of less than 2 years. 

The aim of this study was to assess the incidence, clinical characteristics, 
diagnostics and treatment of insulinoma in Finland, and to study the long-term 
morbidity, mortality and quality of life (QoL) of insulinoma patients compared to 
the general population. 

This retrospective study included all the adult patients diagnosed with an 
insulinoma in Finland during 1980–2010 (n=79). Firstly, clinical data related to 
patient and tumour characteristics, diagnostics, and treatment of insulinomas were 
gathered from the patient records in Tampere, Helsinki, Kuopio, Oulu and Turku 
University Hospitals. The incidence, diagnostic delay, success rates of preoperative 
localization and applied surgical methods were compared between patients 
diagnosed in the 1980s, 1990s and 2000s. 

Secondly, the health-related quality of life (HRQoL) of insulinoma patients was 
assessed by a validated 15D questionnaire and a questionnaire on current health. The 
results of the 15D questionnaire were compared to those of an age- and gender-
adjusted reference population from the National Finrisk 2011 Study.  



 

x 

Thirdly, four controls matched for age, gender and the place of residence were 
obtained for each patient from the National Population Registry. Endocrine, 
cardiovascular, gastrointestinal and psychiatric diagnoses of the patients and the 
controls between 1980 and 2015 were obtained from the National Hospital 
Discharge Register, and cancer diagnoses from the Finnish Cancer Registry (FCR). 
The incidences of these diseases in the patients versus controls were compared by 
calculating the incidence rate ratios with 95% confidence intervals using the Mantel-
Haenszel method.  

The main results of this study were that the incidence of insulinomas increased 
in Finland almost two-fold during the study period from 1980 to 2010, but despite 
the improved diagnostic options the diagnostic delay remained the same, with a 
median of 13 months. Long-term morbidity due to atrial fibrillation, intestinal 
obstruction and breast and kidney cancers was increased in insulinoma patients 
compared to controls. Despite the increased long-term morbidity, the overall 
survival (OS) of patients with a non-metastatic insulinoma was similar to that of the 
general population. In patients with a metastatic insulinoma, the OS was significantly 
impaired, with a median survival of 3.4 years. In patients participating in the HRQoL 
survey, the mean total 15D score, indicating the overall HRQoL, as well as scores 
on the dimensions of mobility, usual activities and eating, were significantly better 
than in the controls.  

In conclusion, the incidence of insulinomas has increased during the past few 
decades, but the diagnostic delay has remained unchanged. Despite the excellent OS 
and long-term HRQoL in patients with a non-metastatic insulinoma, the prognosis 
of insulinoma patients is negatively affected by the increased morbidity due to atrial 
fibrillation, intestinal obstruction and possibly breast and kidney cancer. In the 
future, larger studies are needed to confirm these results and to specify factors 
associated with the increased morbidity, enabling appropriate strategies for the early 
diagnosis, treatment, and long-term follow-up of patients previously treated for an 
insulinoma.  
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TIIVISTELMÄ 

Insulinoomat ovat harvinaisia insuliinia tuottavia haiman neuroendokriinisia 
kasvaimia. Ilmaantuvuus on yhdestä neljään miljoonaa henkilöä kohti vuodessa. 
Kaikkien neuroendokriinisten kasvainten ilmaantuvuus on kasvanut viime 
vuosikymmenten aikana, johtuen ainakin osin parantuneista 
kuvantamismenetelmistä ja lisääntyneestä tietoisuudesta neuroendokriinisten 
kasvainten suhteen.  Insulinoomien liiallinen insuliinineritys johtaa toistuvasti veren 
glukoosipitoisuuden laskuun etenkin paastotilassa, aiheuttaen keskushermoston 
glukoosinpuutteesta johtuvia oireita, kuten sekavuutta, näköhäiriöitä ja tajunnan 
alenemista, sekä autonomisen hermoston aktivoitumisesta johtuvia oireita, kuten 
hikoilua ja rytmihäiriöitä. Oireiden moninaisuudesta ja kasvainten harvinaisuudesta 
johtuen insulinooman toteaminen usein viivästyy. Insulinoomat eivät yleensä lähetä 
etäpesäkkeitä ja ne ovat useimmiten parannettavissa leikkauksella. 
Insulinoomapotilaiden pitkän aikavälin ennusteesta ei kuitenkaan ole juurikaan 
aiempaa tietoa. Pahanlaatuiset, etäpesäkkeitä lähettäneet insulinoomat ovat 
harvinaisia, mutta niitä sairastavilla potilailla keskimääräinen elossaoloaika 
diagnoosin jälkeen on alle kaksi vuotta. 

Tutkimuksen tarkoituksena oli tutkia insulinooman ilmaantuvuutta, oirekuvaa, 
diagnostiikkaa ja hoitotuloksia Suomessa, sekä selvittää insulinoomapotilaiden 
pitkäaikaissairastuvuutta, kuolleisuutta ja terveyteen liittyvää elämänlaatua 
taustaväestöön verrattuna. 

Tutkimukseen otettiin mukaan kaikki yli 18-vuotiaat henkilöt, joilla todettiin 
insulinooma Suomessa vuosina 1980–2010. Kliiniset tiedot potilaiden oireista, 
insulinoomien diagnostiikasta ja hoidosta ja kasvainten piirteistä kerättiin 
Tampereen, Helsingin, Kuopion, Oulun ja Turun yliopistollisten sairaaloiden 
potilastietojärjestelmistä. Insulinoomien ilmaantuvuutta, diagnoosin viivästymistä, 
kuvantamismenetelmien osuvuutta ja käytettyjä leikkausmenetelmiä verrattiin 1980-
, 1990- ja 2000-luvulla diagnosoitujen potilaiden välillä. 

Toisessa vaiheessa insulinoomapotilaiden terveyteen liittyvää elämänlaatua 
tutkittiin validoidulla 15D-elämänlaatukyselyllä ja sitä taustoittavalla 
terveystietokyselyllä. Elämänlaatukyselyn tuloksia verrattiin Finriski 2011-
tutkimuksen iän ja sukupuolen mukaan kaltaistettuun verrokkiväestöön. 
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Kolmanneksi jokaiselle insulinoomapotilaalle poimittiin Väestörekisteristä neljä 
iän, sukupuolen ja asuinpaikan mukaan kaltaistettua verrokkia. Tiedot potilaiden ja 
verrokkien tautidiagnooseista (umpieritysrauhasten taudit, sydän- ja verisuonitaudit, 
vatsan alueen taudit sekä mielenterveyden ja käyttäytymisen häiriöt) haettiin 
Terveydenhuollon hoitoilmoitusrekisteristä ja tiedot syöpädiagnooseista haettiin 
Syöpärekisteristä vuosilta 1980–2015. Tautien ilmaantuvuutta potilailla 
insulinoomadiagnoosin jälkeen verrattiin verrokkien vastaavaan ilmaantuvuuteen 
laskemalla ilmaantuvuuksien suhteet 95 %:n luottamusväleineen Mantel-Haenszel -
tilastomenetelmällä.  

Tutkimuksen tulosten perusteella insulinooman ilmaantuvuus kasvoi miltei 
kaksinkertaiseksi 1980-luvulta 2000-luvulle tultaessa, mutta parantuneista 
kuvantamismenetelmistä huolimatta viive oireista diagnoosiin pysyi pitkänä, ollen 
keskimäärin 13 kuukautta. Pitkäaikaisseurannassa insulinoomapotilaiden 
sairastuvuus sydämen eteisvärinään, suolitukoksiin ja rinta- ja munuaissyöpiin oli 
merkitsevästi yleisempää kuin taustaväestöllä. Lisääntyneestä sairastuvuudesta 
huolimatta etäpesäkkeettömän insulinooman sairastaneiden potilaiden 
kokonaiselossaoloaika ei merkitsevästi eronnut taustaväestöstä. Sen sijaan niillä 
potilailla, joilla todettiin insulinooman etäpesäkkeitä, keskimääräinen elossaoloaika 
insulinoomadiagnoosin jälkeen oli vain 3.4 vuotta. Elämänlaatututkimukseen 
osallistuneilla potilailla yleistä terveyteen liittyvää elämänlaatua kuvastava 
keskimääräinen 15D-luku sekä elämänlaadun tasoarvot liikkuvuuden, tavanomaisten 
toimintojen ja syömisen ulottuvuuksilla olivat merkitsevästi parempia kuin iän ja 
sukupuolen mukaan kaltaistetuilla verrokeilla. 

Johtopäätöksenä on, että insulinooman ilmaantuvuus on kasvanut viime 
vuosikymmenten aikana, mutta diagnoosi viivästyy edelleen usein. Hyvänlaatuista 
insulinoomaa sairastavien potilaiden erinomaisesta elinajan- ja terveyteen liittyvän 
elämänlaadun odotteesta huolimatta insulinoomapotilaat sairastuvat taustaväestöä 
yleisemmin sydämen eteisvärinään, suolitukoksiin ja mahdollisesti myös rinta- ja 
munuaissyöpiin. Tulevaisuudessa laajemmat tutkimukset ovat tarpeen näiden 
tulosten varmistamiseksi ja insulinoomapotilaiden varhaisen diagnostiikan, hoidon ja 
pitkäaikaisseurannan kehittämiseksi.  
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1 INTRODUCTION 

Insulinomas are rare insulin-producing neuroendocrine neoplasms (NENs) of the 
pancreas, with an incidence of 1–4 cases per million persons per year (Jensen et al., 
2012; Maggio et al., 2020; Mehrabi et al., 2014; Service F. J. et al., 1991). The 
incidence of all NENs has increased, at least partly because of improved clinical 
awareness and diagnostic sensitivity (Dasari et al., 2017; Leoncini et al., 2017).  

The excessive insulin secretion by the insulinoma tumour tissue leads to a 
syndrome characterized by episodes of low blood glucose (hypoglycaemia). 
Hypoglycaemia causes severe symptoms resulting from the brain’s deprivation of 
glucose (neuroglycopenic symptoms, such as confusion, drowsiness, visual 
disturbances, unconsciousness) and the activation of the autonomic nervous system 
(autonomic symptoms, such as diaphoresis, tremor and palpitations) (Jensen et al., 
2012). The biochemical diagnosis of insulinoma is based on the documentation of 
the Whipple triad (symptoms or signs consistent with hypoglycaemia,  a low plasma 
glucose level at the time of the symptoms, and relief of the symptoms when plasma 
glucose level is raised by glucose administration) and the measurement of a high 
serum insulin concentration concomitantly with a low blood glucose level (Cryer et 
al., 2009; Öberg et al., 2017; Whipple, 1938). The correct diagnosis of insulinoma is 
often delayed, as similar symptoms occur commonly in many other conditions, such 
as neurological and mental disorders (Service F. J. et al., 1991). Also, the localization 
of these typically small tumours may be challenging and often requires multiple 
imaging modalities, such as computed tomography, magnetic resonance imaging, 
endoscopic ultrasound and various functional nuclear imaging techniques (Sundin et 
al., 2017).  

A majority of insulinomas are non-metastatic and considered cured by surgery. 
Yet, approximately 5 to 10% of insulinomas are metastatic and associated with a 
poor prognosis (de Herder et al., 2006; Mehrabi et al., 2014). The long-term 
prognosis of patients with a surgically cured, non-metastatic insulinoma is expected 
to be as good as that of the general population (Giannis et al., 2020; Mehrabi et al., 
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2014). There are, however, hardly any studies with long-term follow-up of patients 
with insulinoma. During the period from the beginning of the symptoms until the 
correct diagnosis and treatment of insulinoma, the patients are exposed to long-
lasting hyperinsulinemia and repeated episodes of hypoglycaemia. These factors may 
have unfavourable effects on the cardiovascular and nervous system, may also 
increase the incidence of cancer, and impair the health-related quality of life 
(HRQoL) of the patients. The long-term HRQoL in insulinoma patients has not 
been studied before. 

The aim of this thesis was to study the incidence, clinical characteristics, 
diagnostics, treatment, and outcome of insulinomas diagnosed in Finland during 
1980–2010. As former data on the long-term outcome of insulinoma patients are 
scarce, we wanted to investigate the long-term morbidity, HRQoL and mortality in 
patients previously diagnosed with an insulinoma, compared to age- and gender-
adjusted controls from the Finnish general population. 
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2 REVIEW OF THE LITERATURE 

2.1 Definition and epidemiology of insulinoma 

Functioning, insulin-secreting neuroendocrine neoplasms are called insulinomas. 
The term functioning refers to the excessive insulin secretion by the neoplasm, 
causing a clinical syndrome, characterized by episodes of hypoglycaemia (Jensen et 
al., 2012). Virtually all insulinomas are located in the pancreas (Jensen et al., 2012; 
Modlin et al., 2008) but a few cases have been reported, for example in the 
duodenum, ileum, jejunum, spleen, liver, uterine cervix and kidney (Furrer et al., 
2001; Liu et al., 2018; Mehrabi et al., 2014; Ramkumar et al., 2014; Seckl et al., 1999; 
WHO Classification of Tumours Editorial Board, 2019). 

Insulinomas are rare with a reported incidence of 1–4 cases per million persons 
per year (Jensen et al., 2012; Maggio et al., 2020; Mehrabi et al., 2014; Service F. J. et 
al., 1991). Yet, they are the most common functioning pancreatic neuroendocrine 
neoplasms (PanNENs) (70 % of cases), followed by gastrinomas, VIPomas, 
glucagonomas, somatostatinomas, and other less common functioning PanNENs, 
each causing a distinct hormonal syndrome (Jensen et al., 2012; WHO Classification 
of Tumours Editorial Board, 2019). PanNENs account for only 2–5 % of all primary 
pancreatic neoplasms, with an estimated incidence of <1 case per 100 000 persons 
per year (Franko et al., 2010; Halfdanarson et al., 2008; Krampitz & Norton, 2013). 
According to their histopathological and molecular characteristics, PanNENs are 
divided into well differentiated, grade 1–3 pancreatic neuroendocrine tumours 
(PanNETs), and poorly differentiated pancreatic neuroendocrine carcinomas 
(PanNECs), which are by default considered high-grade.  

Previous studies indicate that the general incidence of NENs has increased during 
the past few decades, which is at least partly due to improved clinical awareness and 
increased sensitivity of laboratory and imaging methods (Boyar Cetinkaya et al., 
2017; Dasari et al., 2017; Hallet et al., 2015; Leoncini et al., 2017; Yao et al., 2008). 
The incidence of well-differentiated PanNENs has increased for both low- and high-
grade tumours, and especially for non-functioning tumours, which account for 60–
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90% of all PanNENs (Falconi et al., 2016; Kuo & Salem, 2013; Leoncini et al., 2017; 
Öberg et al.; Vagefi et al., 2007; WHO Classification of Tumours Editorial Board, 
2019). It is currently unknown, whether the incidence of insulinomas has increased, 
as well. 

2.2 Etiology and pathogenesis of insulinoma 

2.2.1 Normal β-cell function and regulation of insulin secretion 

The pancreas is a 12-15 cm long, lobulated organ located in the upper abdomen. It 
is anatomically divided into four main parts: head, neck, body, and tail. The pancreas 
has both exocrine and endocrine tissue. The exocrine pancreas consists mainly of 
acinar and ductal cells. Acinar cells are organized into clusters and secrete inactive 
digestive enzymes into the small, intercalated ducts, which they surround. The 
intercalated ducts, formed by column-shaped ductal cells, drain into larger 
intralobular, and finally interlobular ducts with an increasing diameter. 
(Kierszenbaum & Tres, 2016; Ross & Pawlina, 2011) 

The endocrine pancreas accounts for only about 1 to 2% of the volume of the 
pancreas. It consists of clusters of neuroendocrine cells distributed within the 
exocrine tissue throughout the pancreas. These clusters are called pancreatic islets, 
or the islets of Langerhans, after their discoverer Paul Langerhans (Ovalle, et al., 
2013). Pancreatic islets consist of glucagon-secreting α-cells, insulin-secreting β-cells, 
somatostatin-secreting δ-cells, pancreatic-polypeptide secreting PP-cells, and 
ghrelin-secreting ε-cells (Ovalle et al., 2013). The areas of pancreatic islets are richly 
innervated and contain several small arterioles and venules. (Kierszenbaum & Tres, 
2016; Ross & Pawlina, 2011) 

Apart from the endocrine pancreas, neuroendocrine cells can be found 
throughout the body. They are called neuroendocrine, because they have many 
characteristics of neurons, such as membrane excitability and dense core granules, 
but they also are capable of synthesizing and secreting hormones into the circulation, 
like the cells of the endocrine system. The neuroendocrine system includes endocrine 
glands (such as the pituitary, the parathyroid glands and the adrenal medulla), 
endocrine islets within glandular tissue (pancreatic islet cells, thyroid C cells), and 
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single or clustered endocrine cells scattered mainly in the gastrointestinal tract, 
gallbladder, and the respiratory tract, but also for example in the kidneys, liver, skin, 
thymus, uterine cervix, ovaries, testes, and the prostate. The neuroendocrine cells 
outside the pure endocrine organs are referred to as the diffuse endocrine system. 
(Oronsky et al., 2017; Rindi & Wiedenmann, 2011) 

Pancreatic β-cells are neuroendocrine cells that are specialized in synthesizing, 
processing, storing and secreting insulin. Insulin is originally synthesized as a larger 
precursor molecule, preproinsulin, which is processed in the rough endoplasmic 
reticulum to form proinsulin (Guettier & Gorden, 2010; Ross & Pawlina, 2011). 
From the endoplasmic reticulum, proinsulin is further transported into β-cell 
granules, and at an optimum pH and calcium concentration, the proinsulin is cleaved 
into insulin and C-peptide and released into the circulation by exocytosis (Guettier 
& Gorden, 2010; Ovalle et al., 2013; Ross & Pawlina, 2011). 

Under normal circumstances, the insulin secretion of pancreatic β-cells is strictly 
regulated by the blood glucose concentration, as the β-cells adjust the insulin 
secretion according to the glucose levels in the intercellular space (Ovalle et al., 2013; 
Ross & Pawlina, 2011). When glucose level rises after a meal, the adenosine 
triphosphate -sensitive potassium channels of the β-cells close, causing 
depolarization, calcium influx and release of insulin from the cell (Röder et al., 2016). 
The insulin secretion of the β-cells is further potentiated by the incretin effect of 
some peptides, such as glucagon-like peptide 1 and glucose-dependent insulinotropic 
polypeptide (Röder et al., 2016). By its effect on hepatocytes, insulin decreases 
gluconeogenesis and glycogenolysis, and enhances glycogen synthesis 
(Kierszenbaum & Tres, 2016). In peripheral tissue, insulin enhances the glucose 
entry to cells by translocating glucose transporters to the cell surface (Kierszenbaum 
& Tres, 2016).  

When blood glucose level falls approximately below 4.5 mmol/l, the insulin 
secretion of pancreatic β-cells is decreased (Cryer, 2007). If the glucose level falls 
further, the secretion of insulin is discontinued, and the secretion of 
counterregulatory hormones, in particular glucagon and epinephrine, is increased 
(Cryer et al., 2009; Service F. J., 1995). In prolonged hypoglycaemia, also the 
secretion of cortisol and growth hormone is increased (Cryer et al., 2009). 
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2.2.2 Pathogenesis of insulinoma 

Unlike normally functioning β-cells, insulinoma cells are characterized by incomplete 
processing and unregulated secretion of proinsulin and insulin (Guettier & Gorden, 
2010). Insulinoma cells continue to secrete insulin and proinsulin at glucose 
concentrations below the physiological range. The molecular mechanisms leading to 
the development of insulinoma are poorly understood (Guettier & Gorden, 2010). 
Insulinomas may arise from mature, insulin-producing β-cells of the pancreas or 
from pancreatic stem cells (Guettier & Gorden, 2010; Jonkers et al., 2007; 
Sadanandam et al., 2015). Whole-genome/whole-exome sequencing of 84 
insulinomas and 127 non-functioning PanNETs suggested different genetic 
backgrounds for insulinomas and non-functioning PanNETs (Hong et al., 2020).  In 
insulinomas, chromosomal instability and distinct genetic alterations may predispose 
to the development and progression of oligo-/polyclonal precursor lesions and 
further to monoclonal tumours (Guettier & Gorden, 2010). In addition, a recent 
study on 9 insulinomas reported overexpression of an insulin messenger RNA splice 
variant, leading to increased insulin translation efficiency (Minn et al., 2004). In 
patients with the multiple endocrine neoplasia type 1 (MEN1) syndrome, a germline 
mutation in the MEN1 gene together with an insulinoma cell-specific MEN1 
deletion (“second hit”) predisposes to the development of insulinomas (Guettier & 
Gorden, 2010). 

Recent evidence suggests that metastatic and non-metastatic insulinomas may 
differ in their origin and pathogenesis: metastatic insulinomas seem to share multiple 
features with non-functioning PanNENs, including ARX gene expression, 
biochemical profile (especially elevated chromogranin A levels), similar oncological 
treatment options, and natural history (Hackeng et al., 2020; Yu, 2020). Patients with 
a metastatic insulinoma may also have a past history of progressive non-functioning 
PanNEN, while a history of benign insulinoma is extremely rare (Veltroni et al., 
2020; Yu, 2020). 

2.2.3 Risk factors for insulinoma 

In 90–95% of the patients, insulinomas occur sporadically, i.e., without any known 
genetic predisposition (de Herder et al., 2006). No common risk factors have been 
identified for the development of sporadic insulinomas. They are slightly more 
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common in women than in men (60% vs. 40%), and the incidence is highest during 
the 5th decade of life (Crippa et al., 2012; Jensen et al., 2012; Mehrabi et al., 2014; 
Sada et al., 2021; Service F. J. et al., 1991). Insulinomas are extremely rare in children 
and young adults under 30 years of age (Mehrabi et al., 2014).  

A small minority of insulinomas are associated with rare hereditary tumour 
syndromes, most commonly with the MEN1 syndrome, which is diagnosed in 5–
10% of insulinoma patients (de Herder et al., 2006; Falconi et al., 2016; Sada et al., 
2021). Other genetic syndromes that may rarely be associated with insulinomas 
include tuberous sclerosis, neurofibromatosis type 1, von Hippel Lindau disease 
(vHL), and familial insulinomatosis caused by a MAFA germline mutation (Anlauf 
et al., 2007; Falconi et al., 2016; Iacovazzo et al., 2018; O’Shea & Druce, 2017). 

The MEN1 syndrome is a rare genetic disorder caused by a mutation in the 
MEN1 gene that normally encodes a tumour suppressor protein, menin (Anlauf et 
al., 2007). The MEN1 syndrome mainly affects the endocrine glands: the most 
common manifestations of the MEN1 syndrome include hyperparathyroidism (in 
95–100% of the patients with MEN1), and pancreatic and pituitary tumours (Jensen 
et al., 2008). Insulinomas occur in approximately 10% of patients with MEN1 
(O’Shea & Druce, 2017). Compared to sporadic insulinomas, MEN1-related 
insulinomas typically occur at a younger age and may more often present as multiple 
or metastatic tumours (Anlauf et al., 2007; Crippa et al., 2012; Jensen et al., 2012; 
Jensen et al., 2008; O’Shea & Druce, 2017; Sakurai et al., 2012; Service F. J. et al., 
1991; van Beek et al., 2020).  

2.3 Clinical characteristics 

Hypoglycaemia causes diverse symptoms resulting from the brain’s deprivation of 
glucose (neuroglycopenic symptoms) and the activation of the autonomic nervous 
system secondary to hypoglycaemia (autonomic symptoms). Neuroglycopenic 
symptoms predominate the clinical picture and are reported in almost all insulinoma 
patients (Jensen et al., 2012). They are diverse and range from weakness, confusion, 
headache and visual disturbances to amnesia, transient loss of consciousness, 
seizures and even rarely hypoglycaemic coma or death (Jensen et al., 2012). Most 
patients also have symptoms due to the activation of the autonomic nervous system, 
including both adrenergic (palpitations, tremor, aggressiveness) and cholinergic 
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symptoms (sweating, hunger, paraesthesias) (Cryer et al., 2009; Jensen et al., 2012). 
In healthy persons, symptoms of hypoglycaemia develop at a plasma glucose level 
of 3.0 mmol/l or less, with autonomic symptoms appearing first and 
neuroglycopenic at slightly lower glucose levels (Cryer et al., 2009). In patients with 
recurrent hypoglycaemias, however, the symptoms of hypoglycaemia may appear at 
significantly lower glucose levels (Cryer et al., 2009).  

In patients with an insulinoma, the hypoglycaemic symptoms typically develop 
during fasting or exercise, but up to 21% have also, and 6–9% exclusively, 
postprandial symptoms (Falconi et al., 2016; Placzkowski et al., 2009; Toaiari et al., 
2013). Insulinoma patients typically learn to avoid the symptoms by frequent meals, 
and previous studies have reported weight gain in 14–44% of the patients prior to 
the treatment of insulinoma (Boukhman et al., 1998; Nikfarjam et al., 2008). 

2.4 Tumour characteristics 

Most insulinomas are small, solitary lesions, evenly distributed in the head/neck, 
body and tail of the pancreas (Jensen et al., 2012; Mehrabi et al., 2014). They are 
typically well-demarcated, encapsulated, trabecular or solid neoplasms with greyish-
white to yellowish-tan colour and sometimes haemorrhagic cut surfaces (WHO 
Classification of Tumours Editorial Board, 2019). Two thirds of the tumours are 2 
cm or less in diameter (de Herder et al., 2006; Mehrabi et al., 2014). Multiple 
neoplasms occur in approximately 10 % of insulinoma patients, often associated with 
the MEN1 syndrome (de Herder et al., 2006).  

Approximately 10% of insulinomas are metastatic (de Herder et al., 2006; 
Nikfarjam et al., 2008; Service F. J. et al., 1991). Typical sites of metastasis include 
the liver in approximately 38% and lymph nodes in 18% of the patients with a 
metastatic disease (Jensen et al., 2012; Mehrabi et al., 2014). Less common sites of 
metastasis reported in the literature include peritoneum, lungs, brain and bones 
(Mehrabi et al., 2014).  
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2.5 Diagnostics of insulinoma 

The possibility of spontaneous hyperinsulinism of pancreatic islet cells that leads to 
hypoglycaemia was first introduced by Seale Harris in 1924 (Harris, 1924). In 1927, 
Wilder et al reported the first case of malignant pancreatic islet-cell tumour, extracts 
of which caused marked hypoglycaemia in rabbits (Wilder et al., 1927). In the 1930s, 
when hormone concentration measurements and radiological imaging methods were 
not yet available, Allen O. Whipple introduced a triad of criteria to help identifying 
insulinoma patients among other patients with similar symptoms suggestive of 
hypoglycaemia (Whipple, 1938). The Whipple triad includes 1) symptoms, signs or 
both consistent with hypoglycaemia, 2) a low plasma glucose level measured at the 
time of the symptoms (≤2.2 or <3mmol/l) (Cryer et al., 2009; Öberg et al., 2017), 
and 3) relief of symptoms when the glucose level is raised. Whipple proposed that 
no pancreatic surgery for insulinoma should be performed unless all these criteria 
were met (Whipple, 1938). 

With the improved diagnostic options today, the detection of the Whipple triad 
is no longer considered to justify surgical exploration of the pancreas, but rather an 
indication for biochemical and radiological investigations to confirm  
hyperinsulinaemic hypoglycaemia and to localize the tumour before surgery (Cryer 
et al., 2009; Giannis et al., 2020). After the surgical management of insulinoma, the 
diagnosis is confirmed by the histopathological and immunohistochemical analysis 
of the tumour specimen (WHO Classification of Tumours Editorial Board, 2019). 

If the patient history, clinical characteristics, laboratory or imaging studies arise 
the suspicion of MEN1 or another hereditary tumour syndrome, the diagnostic 
investigations are supplemented by genetic germline DNA testing to confirm the 
diagnosis of a genetic syndrome. DNA testing should be considered when a patient 
has a personal or family history or clinical findings compatible with the MEN1 
syndrome, tuberous sclerosis or vHL, has a young age at presentation (under 40 
years), has multiple insulinomas or has disease recurrence after a complete surgical 
removal of the tumour (Anlauf et al., 2009; Falconi et al., 2016; Jensen et al., 2012; 
O’Shea & Druce, 2017). 
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2.5.1 Biochemical diagnostics 

The biochemical diagnosis of insulinoma is based on the detection of inappropriately 
high serum insulin, C-peptide and proinsulin concentrations concomitantly with a 
low blood glucose level. The slightly different criteria for endogenous 
hyperinsulinism recommended by the Endocrine Society and the European 
Neuroendocrine Tumor Society (ENETS) Consensus Guidelines are shown in Table 
1 (Cryer et al., 2009; Öberg et al., 2017).  In addition to these hormone 
determinations, β-hydroxybutyrate concentration can be measured, with a level of 
2.7 mmol/l or less confirming the inappropriate insulin or insulin-like hormone 
secretion in the presence of hypoglycaemia (Cryer et al., 2009; Öberg et al., 2017). 
Demonstration of glucose level rise of at least 1.4 mmol/l in response to 1 mg 
intravenous glucagon administration in a hypoglycaemic patient, corroborates the 
hyperinsulinaemic state (Cryer et al., 2009; Falconi et al., 2016). Drug screening for 
oral hypoglycaemic agents and determination of antibodies against insulin and 
insulin receptors is recommended in order to exclude the effect of exogenous insulin 
or insulin secretagogues, and insulin autoimmune hypoglycaemia (Cryer et al., 2009; 
Öberg et al., 2017). 

The episode of hypoglycaemia can be spontaneous or induced by a fasting test. 
The golden standard for the clinical diagnosis of insulinoma is a prolonged fasting 
test, where fasting is continued with samples for hormone determinations taken 
every 6 hours (every 1 to 2 hours when the blood glucose level falls below 3.3 
mmol/l), and at the time of symptoms, until the patient has signs or symptoms of 
hypoglycaemia, hypoglycaemia is documented (blood glucose level <2.2–2.5 mmol/l 
or <3.0 mmol/l, if the Whipple triad has been documented on a prior occasion) or 
until the standard duration of 72 hours (Cryer et al., 2009; Öberg et al., 2017). The 
sensitivity of the fasting test in identifying patients with an insulinoma is over 95%, 
and in approximately 70–80% of the patients, the hyperinsulinaemic hypoglycaemia 
occurs during the first 24 hours of fast (Donegan et al., 2017; Hirshberg et al., 2000; 
Öberg et al., 2017; Service F. J. & Natt, 2000). The required duration of fast cannot 
be predicted from e.g. the age, body mass index (BMI) or gender of the patient 
(Donegan et al., 2017). 

In the rare cases, where the prolonged fasting test fails, the hyperinsulinaemic 
hypoglycaemia may be induced by a mixed-meal test (Cryer et al., 2009; Öberg et al., 
2017). In the mixed-meal test, samples for glucose, insulin, C-peptide and proinsulin 
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are collected repeatedly every 30 minutes during the first 5 hours after a mixed meal, 
with hormone measures analysed, when plasma glucose level falls below 3.3 mmol/l 
(Cryer et al., 2009). An oral glucose tolerance test has been suggested as a tool for 
diagnosing insulinomas (Li et al., 2017; Liao et al., 2021), but it is currently not 
recommended because of low specificity and lacking diagnostic criteria (Cryer et al., 
2009).  

 

Table 1. Determination of endogenous hyperinsulinaemic hypoglycaemia by the Endocrine 
Society and the ENETS Consensus guidelines 

the findings of symptoms, signs, 
or both of hypoglycaemia, 
together with plasma 
concentrations of 

Endocrine Society 
(Modified from Cryer et al., 2009) 

ENETS Consensus guidelines 
(Modified from Öberg et al., 2017) 

glucose < 3.0 mmol/l (55 mg/dl) or < 2.5 
mmol/l if the Whipple triad has not 
been documented previously ≤ 2.2 mmol/l (40 mg/dl) 

insulin 

≥ 3.0 mU/l (18 pmol/l) 

≥ 6.0 mU/l (36 pmol/l); ≥ 3.0 mU/l 
by immunochemiluminometric 
assay 

C-peptide ≥ 0.2 nmol/l (0.6 ng/ml) 
proinsulin ≥ 5.0 pmol/l 
β-hydroxybutyrate ≤ 2.7 mmol/l 
Increase in plasma glucose in 
response to intravenous injection 
of 1.0 mg glucagon ≥ 1.4 mmol/l (25 mg/dl) 

2.5.2 Localization studies 

The preoperative imaging of an insulinoma is important for determining the precise 
tumour location, multiplicity, proximity to the main pancreatic duct, and the disease 
stage, in order to select the most appropriate surgical approach and method, or an 
eventual non-surgical treatment strategy (de Herder et al., 2006; Partelli et al., 2017). 
The preoperative localization of insulinomas may be challenging and require the use 
of multiple imaging modalities (Mehrabi et al., 2014). The options for the 
preoperative localization of insulinomas can be divided into non-invasive and 
invasive methods. Non-invasive methods include computed tomography (CT), 
magnetic resonance imaging (MRI) and transabdominal ultrasound (US), as well as 
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functional nuclear imaging, such as the previously used somatostatin receptor 
scintigraphy (SRS) and the newer methods single-photon emission computed 
tomography–computed tomography (SPECT/CT) or positron emission 
tomography–computed tomography (PET/CT) (Bural et al., 2012; de Herder et al., 
2006). Invasive methods currently used for the localization of insulinomas include 
endoscopic ultrasound (EUS), as well as intraoperative ultrasound, inspection, and 
palpation of the tumour(s) (de Herder et al., 2006).  

Previously, the invasive method of diagnostic angiography combined with 
selective intra-arterial calcium stimulation test and hepatic venous sampling (ASVS) 
was considered the golden standard of insulinoma localization (de Herder et al., 
2006). ASVS (also referred to as SACST for selective arterial calcium stimulation 
test, IACS for intra-arterial calcium stimulation or IACIG for intra-arterial injection 
of calcium with hepatic venous insulin gradients) is based on traditional diagnostic 
angiography followed by sequential arterial calcium stimulation of different parts of 
the pancreas (via gastroduodenal, splenic, and superior mesenteric arteries), leading 
to release of insulin by insulinoma cells (Zhao, K. et al., 2020). The increased insulin 
secretion by the tumour cells is observed from blood samples collected from the 
hepatic veins, and the tumour can thus be localized to a certain region of the pancreas 
(Zhao, K. et al., 2020). ASVS was preceded by an even more invasive technique 
called transhepatic portal venous sampling (THPVS), where blood samples were 
taken by percutaneous and transhepatic catheterization from several of the main 
veins draining the different parts of the pancreas, for the measurement of insulin 
concentrations (Ingemansson et al., 1975; Shin et al., 2010). ASVS has a sensitivity 
of 84–90% or higher, but it is invasive, requires technical expertise (Guettier et al., 
2009; Placzkowski et al., 2009; Zhao, K. et al., 2020), and has been largely replaced 
by the modern PET/CT imaging.  

According to the current ENETS and European Society for Medical Oncology 
(ESMO) guidelines, contrast-enhanced CT or contrast-enhanced MRI are preferred 
as the first-line imaging methods, because they are non-invasive and easily available 
(Falconi et al., 2016; Pavel et al., 2020; Sundin et al., 2017). The typically small size 
of insulinomas, however, limits the sensitivity of these methods (de Herder et al., 
2006). A recent systematic review reported a mean sensitivity of 44% for CT and 
53% for MRI (Mehrabi et al., 2014). The technique and sensitivity of CT imaging 
have, however, improved over the past few decades, and sensitivities over 90% have 
been reported with a modern dual-phase thin-slice multidetector CT (Gouya et al., 
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2003), angio-CT (Fu et al., 2020), dual-phase multidetector CT combined with 
pancreatic perfusion imaging (Zhu et al., 2017), as well as with one-stop pancreatic 
perfusion CT with calculated mean temporal imaging (Li et al., 2020). A typical 
finding of insulinoma on CT is a hypervascular, hyperattenuating pancreatic lesion 
in both the arterial and venous phases (de Herder et al., 2006). High detection rates 
can also be achieved with contrast-enhanced, diffusion-weighted MRI, avoiding the 
exposure to ionizing radiation (Mehrabi et al., 2014). In addition to traditional MRI, 
magnetic resonance cholangiopancreatography (MRCP) may be useful in selected 
cases, for evaluating the localization of the tumour in relation to the main pancreatic 
duct (Mehrabi et al., 2014). 

If no visible lesions are detected with the CT or MRI, applying EUS is 
recommended (Falconi et al., 2016). In experienced hands, sensitivities up to 93–
100% have been reported, especially for detection of lesions located in the pancreatic 
head (Gouya et al., 2003; Sotoudehmanesh et al., 2007; Sundin et al., 2017). As a 
limitation, EUS is invasive, operator-dependent and allows poor visualization of the 
pancreatic tail (Sotoudehmanesh et al., 2007). 

If both conventional localizing studies and EUS are negative, as seen in <10% of 
insulinoma patients, imaging with radiolabelled glucagon-like peptide 1 (GLP-1) 
receptor analogues should be considered (Falconi et al., 2016). GLP-1-receptor 
PET/CT or SPECT/CT imaging using radiotracers, such as gallium-68, indium-111 
or technetium-99m labelled exendin-4, have proved to be highly sensitive methods 
(sensitivity up to 98%) for localizing insulinomas, as especially benign insulinomas 
express a high density of GLP-1 receptors (Antwi et al., 2018; Christ et al., 2013; 
Christ et al., 2020; Falconi et al., 2016; Sowa-Staszczak et al., 2013). The sensitivity 
and specificity of GLP-1 PET/CT have been shown to be superior to those of GLP-
1 SPECT/CT imaging (Shah et al., 2021). GLP-1 receptor imaging may also be 
useful in MEN1 patients, in localizing the insulin-secreting tumour among multiple 
non-functioning pancreatic tumours (Antwi et al., 2019; Christ et al., 2020), as well 
as in differentiating insulinomas from diffuse islet cell hyperplasia and proliferation 
(Kalff et al., 2020). In the future, the use of GLP-1 receptor imaging with a new 
radiotracer, fluorine-18 labelled exendin-4, may become more common due to its 
high sensitivity and concomitant low kidney radioactivity uptake (Mikkola et al., 
2016). 

Prior to the development of GLP-1 imaging, several methods of functional, 
nuclear imaging have been introduced, including somatostatin receptor imaging with 
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111In-pentetreotide scintigraphy (OctreoScan) and PET/CT imaging using 
radiolabelled octreotide/octreotate (e.g. 68Ga-DOTANOC, 68Ga-DOTATOC and 
68Ga-DOTATATE), as well as PET/CT imaging using radiolabelled 
dihydroxyphenylalanin (18F-DOPA PET/CT) or fluorodeoxyglucose (18F-FDG 
PET/CT) (Christ et al., 2020; de Herder et al., 2006; Nockel et al., 2017; Kauhanen 
et al., 2007). The sensitivity of these methods is variable (20–87%), but inferior to 
that of GLP-1 receptor based imaging in the diagnostics of insulinomas (Christ et 
al., 2020; Garg et al., 2020; Zhao, K. et al., 2020). The lower sensitivity of 
somatostatin receptor imaging is explained by the low expression of somatostatin 
receptor subtype 2 in non-metastatic insulinomas (Andreassen et al., 2019; de Herder 
et al., 2006; Sundin et al., 2017). Metastatic insulinomas, in contrast, often seem to 
lack GLP-1 receptors but express the somatostatin receptor subtype 2, resulting in a 
higher sensitivity of somatostatin receptor-based imaging in metastatic insulinomas 
(Christ et al., 2020; Erhamamci et al., 2020; Veltroni et al., 2020; Vezzosi et al., 2005; 
Wild et al., 2011). 18F-DOPA PET/CT imaging has been applied in only a few small 
studies of patients with an insulinoma or β-cell hyperplasia, with the sensitivity 
varying between 50 and 90% (Christ et al., 2020; Imperiale et al., 2015; Kauhanen et 
al., 2007). The sensitivity of 18F-FDG PET/CT in localizing insulinomas is poor, 
presumably because of the low proliferative activity and glucose turnover in 
insulinomas (de Herder et al., 2006; Kauhanen et al., 2007). 
Since the improvement of non-invasive imaging methods, the use of conventional, 
transabdominal US has declined, because of its low sensitivity, with especially poor 
visualization of small tumours and tumours located in the pancreatic tail (de Herder 
et al., 2006; Mehrabi et al., 2014; Zhao, K. et al., 2020). Intraoperative ultrasound 
(IOUS) together with intraoperative inspection and palpation are, however, helpful 
in assessing the anatomy, defining the proximity of the tumour to the main 
pancreatic duct and adjacent blood vessels and identifying eventual additional 
NENs, if multiple tumours are suspected (Andreassen et al., 2019; de Herder et al., 
2006). These intraoperative localization techniques are highly sensitive, when 
performed by experienced surgeons and can sometimes detect lesions that remain 
undetected with all the preoperative localizing methods (Falconi et al., 2016; Mehrabi 
et al., 2014; Nikfarjam et al., 2008; Sundin et al., 2017; Zhao, K. et al., 2020). 
Regarding laparoscopic surgeries, the laparoscopic IOUS plays an important role 
because palpation of the tumour is impossible (Mehrabi et al., 2014). Without 
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successful preoperative localization, a small proportion of insulinomas may remain 
undetected intraoperatively (Mehrabi et al., 2014). 

2.5.3 TNM Classification 

Insulinomas, together with other well differentiated PanNENs, are staged according 
to the European Neuroendocrine Tumor Society (ENETS) and the 8th edition of 
the American Joint Committee on Cancer / Union for International Cancer Control 
(AJCC-UICC) TNM staging classifications (Table 2). (Rindi et al., 2006; Brierley et 
al., 2017). The extremely rare cases of poorly differentiated or high-grade well 
differentiated insulinomas should be staged according to the general criteria for 
classifying PanNECs and carcinomas of the exocrine pancreas (Brierley et al., 2017).  

The TNM system has been developed for assessing the anatomical extent of the 
disease, and thereby the prognosis of the patient, based on three components: the 
extent of the primary tumour (T), the presence/absence and extent of regional lymph 
node metastases (N), and the presence/absence of distant metastases (M) (Brierley 
et al., 2017). Staging is made on the basis of physical examination, radiological 
imaging, and/or surgical exploration. The clinical TNM stage guides the selection of 
primary therapy, and the classification is later supplemented and specified by 
histopathological classification (pTNM), for more accurate prognosis estimation and 
selection of adjuvant therapy (Brierley et al., 2017). In a recent study of 85 surgically 
treated sporadic insulinomas, 60% of insulinomas were classified as stage I, 27% 
stage II, 8% stage III and 5% as stage IV tumours (Wang et al., 2015). Similarly, in a 
previous study on 977 PanNENs, including 328 insulinomas, over 80% of 
insulinomas were at stage I or II (Zhu et al., 2016). 
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Table 2. Tumour, node, metastasis classification for well differentiated pancreatic 
neuroendocrine tumours. Modified from Rindi et al., 2006; and Brierley et al., 2017. 

Primary tumour (T) 
TX Tumour cannot be assessed 
T0 No evidence of primary tumour 
T1 Tumour limited to the pancreas* and ≤ 2 cm in greatest dimension 
T2 Tumour limited to the pancreas* and 2–4 cm in greatest dimension 
T3 Tumour limited to the pancreas* and > 4 cm in greatest dimension or invading duodenum or 

bile duct 
T4 Tumour invading adjacent organs (stomach, spleen, colon, adrenal gland) or the wall of large 

vessels (coeliac axis or superior mesenteric artery) 
Regional lymph nodes (N) 
NX Regional lymph nodes cannot be assessed 
N0 No regional lymph node metastasis 
N1 Regional lymph node metastasis 
Distant metastasis (M) 
MX Distant metastases cannot be assessed 
M0 No distant metastasis 
M1 Distant metastasis 
 M1a Hepatic metastasis (es) only 
 M1b Extrahepatic metastasis (es) only 
 M1c Hepatic and extrahepatic metastases 
Stage 
Stage I T1 N0 M0 
Stage II T2, T3 N0 M0 
Stage III T4 

Any T 
N0 
N1 

M0 
M0 

Stage IV Any T Any N M1 
*Invasion of adjacent peripancreatic adipose tissue is accepted but invasion of adjacent organs is 
excluded 
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2.5.4 Histopathological diagnostics and grading 

The definite diagnosis of insulinoma requires the biochemical demonstration of 
hyperinsulinaemic hypoglycaemia, together with the confirmation of 
neuroendocrine histology on histological examination of the tumour. The 
neuroendocrine origin is confirmed by immunohistochemical staining for the 
neuroendocrine markers chromogranin A and synaptophysin (Perren et al., 2017). 
Staining for insulin is not obligatory for the diagnosis of a solitary insulinoma (Zhao, 
Y.-P. et al., 2011), but is recommended for identification of insulinoma when 
multiple tumours are present (Anlauf et al., 2009; WHO Classification of Tumours 
Editorial Board, 2019). In addition to insulin, insulinomas often show scattered 
staining for other hormones, such as glucagon, pancreatic polypeptide and 
somatostatin (WHO Classification of Tumours Editorial Board, 2019). 

Insulinomas are histologically classified according to the WHO 2019 
classification and grading criteria for NENs of the gastrointestinal tract and 
hepatopancreatobiliary organs (Nagtegaal et al., 2020; WHO Classification of 
Tumours Editorial Board, 2019). This classification has been developed to predict 
more reliably the clinical course and the outcome of patients with 
gastroenteropancreatic (GEP) NENs, which have previously turned out to be poorly 
predictable. According to their histopathological and molecular characteristics, the 
neoplasms are divided into well differentiated, grade 1–3 (low to high-grade) 
neuroendocrine tumours (NETs) with increasingly aggressive behaviour, and into 
poorly differentiated neuroendocrine carcinomas (NECs) that are by default 
considered high-grade neoplasms with highly aggressive behaviour (WHO 
Classification of Tumours Editorial Board, 2019). A third class called mixed 
neuroendocrine–non-neuroendocrine neoplasms (MiNENs), includes rare 
neoplasms with discrete neuroendocrine and non-neuroendocrine components 
(Table 3).  

Virtually all insulinomas are well differentiated PanNENs, previously referred to 
as islet cell tumours or pancreatic endocrine neoplasms. The well-differentiated 
histology means that the tumour cells have strong resemblance to normal pancreatic 
neuroendocrine cells (including expression of neuroendocrine markers and 
pancreas-specific peptide hormones) with an organoid architecture, minimal to 
moderate atypia, and no necrosis (WHO Classification of Tumours Editorial Board, 
2019). In genetic analyses, well differentiated PanNENs are typically characterized 
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by mutations in MEN1, DAXX and ATRX genes (WHO Classification of Tumours 
Editorial Board, 2019). PanNETs are graded according to their proliferative activity 
assessed by Ki-67 immunohistochemical staining or mitotic index, whichever places 
the neoplasm in a higher-grade category (Table 3). Up to 90–99% of insulinomas are 
classified as grade 1–2 with well differentiated morphology and low to moderate 
grade proliferative activity (Andreassen et al., 2019; Wang et al., 2015; WHO 
Classification of Tumours Editorial Board, 2019; Zhu et al., 2016).  

Poorly differentiated insulinomas are extremely rare, but a few cases have been 
described in the literature (Basturk et al., 2014; Sada et al., 2020). In general, poorly 
differentiated PanNECs are highly aggressive neoplasms, which frequently 
metastasize and are associated with a poor survival of typically less than a year 
(Basturk et al., 2014; Taskin et al., 2020; WHO Classification of Tumours Editorial 
Board, 2019). Histologically they are poorly developed with sheet-like growing, 
extensive necrosis and less organoid architecture compared to well differentiated 
PanNENs, but have still recognizable morphological and immunohistochemical 
features of neuroendocrine differentiation, including diffuse or faint staining for 
synaptophysin and faint or focal staining for chromogranin A (WHO Classification 
of Tumours Editorial Board, 2019). PanNECs are usually hormonally non-
functioning, but may rarely express hormones, leading to the occurrence of a distinct 
hormonal syndrome, as in the case of poorly differentiated pancreatic insulinomas. 
In genetic analyses, PanNECs often have mutations in TP53 or RB1 genes. Based 
on morphological features, NECs are divided into small cell NECs (SCNECs) and 
large cell NECs (LCNECs) (WHO Classification of Tumours Editorial Board, 2019). 

 
 
 
 
 
 
 
 
 
 



 

 

39 

 

Table 3. The 2019 WHO classification and grading criteria for neuroendocrine neoplasms of 
the gastrointestinal tract and hepatopancreatobiliary organs. Modified from  
Nagtegaal et al., 2020; and WHO Classification of Tumours Editorial Board, 2019. 

Terminology Differentiation Grade Ki-67 indexa Mitotic rateb 
(mitoses/2 mm2) 

NET, G1 Well differentiated Low <3% <2 
NET, G2 Intermediate 3–20% 2–20 
NET, G3 High >20% >20 
NEC, small-cell type 
(SCNEC) 

Poorly 
differentiated 

High >20% >20 

NEC, large-cell type 
(LCNEC) 

>20% >20 

MiNEN 
 

Well or poorly 
differentiated 

Variable Variable Variable 

aMIB1 antibody, % of at least 500 tumour cells in areas of highest nuclear labelling, bat least 40 fields 
evaluated in areas of highest mitotic activity. 

2.5.5 Differential diagnostics 

Due to the diverse and often nonspecific symptoms related to insulinomas, the 
correct diagnosis of insulinoma is often delayed up to several years after the initial 
symptoms (Hirshberg et al., 2000; Nikfarjam et al., 2008). Similar symptoms occur 
commonly in many other pathological conditions, such as epilepsy, psychiatric 
diseases, transient ischaemic attack, and cardiac arrhythmias, and the patients are 
often misdiagnosed with a neurological or mental disorder, before the correct 
diagnosis of insulinoma (Agarwal et al., 2020; Ding et al., 2010; Dizon et al., 1999; 
Harrington et al., 1983; Qi et al., 2019; Service F. J. et al., 1991). Thus, broad 
differential diagnostics is required, when investigating patients with unsolved 
symptomatic attacks.  

The critical step in the diagnostic procedure of insulinomas is the detection of 
hypoglycaemia at the time of the typical symptoms. The evaluation and management 
of hypoglycaemia is recommended only after a reliable documentation of the 
Whipple triad (Cryer et al., 2009). The most common cause of hypoglycaemia in 
adults, is the insulin or insulin secretagogue treatment of patients with diabetes 
(Cryer et al., 2009). Several other drugs, alcohol, critical illnesses, hereditary 
syndromes and non-islet cell tumours may cause hypoglycaemia also in patients 
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without diabetes (Table 4) (Cryer et al., 2009). In patients without an obvious cause 
for hypoglycaemia, a careful review of personal and family history and physical 
findings is needed, followed by biochemical investigations (see: Biochemical 
diagnostics) (Cryer et al., 2009). 

Apart from insulinoma, other rare causes of endogenous hyperinsulinaemic 
hypoglycaemia include proinsulinomas, post gastric bypass hypoglycaemia, non-
insulinoma pancreatogenous hypoglycaemia syndrome and insulin autoimmune 
hypoglycaemia. Proinsulin-producing PanNENs, proinsulinomas, are extremely 
rare, with only a few cases reported in the literature. Instead of insulin, they produce 
the prohormone proinsulin, causing clinical hypoglycaemia with positive Whipple 
triad, but normal or decreased plasma insulin levels (Kriger et al., 2019; Murtha et 
al., 2017). Post gastric bypass hypoglycaemia develops several months after bariatric 
surgery and is characterized by episodes of postprandial hypoglycaemia. The 
underlying mechanisms of post gastric bypass hyperinsulinaemic hypoglycaemia are 
not completely understood, but islet cell hyperplasia, hyperfunction and enhanced 
incretin hormone, particularly GLP-1 effect have been proposed (Rariy et al., 2016; 
Service G. J. et al., 2005; Shantavasinkul et al., 2016). Non-insulinoma 
pancreatogenous hypoglycaemia syndrome without the history of bariatric surgery is 
an extremely rare cause of endogenous hyperinsulinaemic hypoglycaemia, in which 
episodes of hyperinsulinaemic hypoglycaemia occur postprandially without any 
indication of an insulinoma. In contrast to insulinomas, the non-insulinoma 
pancreatogenous hypoglycaemia syndrome, or adult-onset nesidioblastosis, is 
associated with diffuse islet cell hypertrophy, proliferation or neodifferentiation of 
the pancreatic islets from pancreatic duct epithelium (Anderson et al., 2016; Jabri & 
Bayard, 2004; Rumilla et al., 2009; Thompson et al., 2000). Hypoglycaemia due to 
development of antibodies against endogenous insulin or insulin receptors is also 
extremely rare, reported mainly in Japanese, Korean or African-American persons, 
often associated with another autoimmune disease (Cryer et al., 2009). 
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Table 4. Differential diagnosis of hypoglycaemia without diabetes. Modified from Cryer et al., 
2009. 

Cause Clinical characteristics 
Medication For example, insulin, oral antidiabetic 

drugs, non-steroidal anti-inflammatory 
drugs (such as indomethacin), some 
antimicrobial agents (such as gatifloxacin, 
pentamidine, quinine). 

Hypoglycaemia after intentional or 
accidental use of medication predisposing 
to hypoglycaemia. Occurs typically in 
patients with other simultaneous risk 
factors, such as hepatic or renal failure or 
other acute or chronic illnesses. 

Alcohol  Hypoglycaemia provoked by several days 
of heavy alcohol consumption, often 
together with malnutrition, acute 
infections or other diseases 

Critical illness Including sepsis, hepatic or renal failure, 
severe malnutrition, anorexia nervosa 

 

Hypocortisolism  Postprandial hypoglycaemia 
Other than islet cell 
tumours 

Via accelerated use of glucose by rapidly 
dividing tumour cells, decreased 
gluconeogenesis and glycogen storage in 
hepatic failure due to metastases, adrenal 
metastases causing hypocortisolism, or 
overproduction of insulin-like growth 
factors (typically mesenchymal tumours) 

Hypoglycaemia associated with advanced 
cancers 

Endogenous 
hyperinsulinism 

  

 Insulinoma or proinsulinoma Fasting (rarely postprandial) 
hypoglycaemia 

 Post gastric bypass hypoglycaemia Postprandial hypoglycaemia 
 Non-insulinoma pancreatogenous 

hypoglycaemia  
Postprandial hypoglycaemia 

 Insulin autoimmune hypoglycaemia Late postprandial hypoglycaemia 
Rare gene defects 
or inborn errors of 
metabolism 

For example, exercise-induced 
hyperinsulinaemic hypoglycaemia (EIHI), 
hereditary fructose intolerance and other 
hereditary metabolic syndromes causing 
hypoglycaemia 

Hypoglycaemia provoked by intensive 
exercise (EIHI) or hypoglycaemia 
associated with other signs or symptoms 
of a hereditary metabolic syndrome 

2.6 Treatment and outcome of insulinoma 

The principal treatment strategy of insulinoma is the surgical removal of the insulin-
secreting tumour(s). For a non-metastatic insulinoma surgery is usually curative. 
Medical treatment may be needed preoperatively for symptom control, and in 
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patients with a metastatic, inoperable or recurrent insulinoma (Falconi et al., 2016). 
Mild hypoglycaemic symptoms may be relieved by having frequent, small, 
carbohydrate-rich meals, but during the course of the disease, even continuous 
intravenous glucose infusion may be required in some patients to maintain the 
plasma glucose concentration within normal limits (de Herder et al., 2011; Mehrabi 
et al., 2014). The treatment of metastatic insulinomas is planned case-by-case, based 
on the individual characteristics of the disease and the patient. It often requires 
multidisciplinary approach with surgery of the primary tumour and/or metastases, 
as well as oncological and medical treatment options. In Finland, the treatment and 
follow-up of insulinomas have been organized according to the most recent 
European (Falconi et al., 2016; Pavel & de Herder, 2017; Pavel et al., 2020) and 
Nordic guidelines (Tiensuu Janson et al., 2021). 

2.6.1 Surgical treatment 

The first cure of insulinoma by surgical removal of the pancreatic tumour was 
reported in 1929 (Howland et al., 1929). Surgery is still the only curative treatment 
for insulinomas, and surgical exploration with a curative aim is recommended for all 
insulinoma patients in the absence of an inoperable or metastatic disease (Falconi et 
al., 2016). Palliative resection of the tumour and (liver) metastases may also relieve 
symptoms and improve survival in patients with a metastatic insulinoma, and is 
generally recommended for this indication (Mehrabi et al., 2014; Pavel et al., 2020; 
Zhao, Y.-P. et al., 2011). 

Pancreas-sparing surgery, i.e., enucleation or limited resection, is recommended 
whenever possible, in order to preserve exocrine and endocrine pancreatic function 
and avoid comorbidities, such as exocrine dysfunction and insulin-dependent 
diabetes (Falconi et al., 2016; Mehrabi et al., 2014). Pancreas-sparing surgical 
methods are also primary in patients with the MEN1 syndrome (Bartsch et al., 2013; 
Falconi et al., 2016; van Beek et al., 2020). Most insulinomas can be enucleated 
(Mehrabi et al., 2014), and the less invasive enucleation is generally preferred instead 
of resection with small (<2cm in diameter), solitary, non-metastatic tumours located 
superficially and at a safe distance from the pancreatic duct and major vessels 
(Falconi et al., 2016; Mehrabi et al., 2014; Partelli et al., 2017; Pavel et al., 2020; Zhao, 
Y.-P. et al., 2011). A distance of at least 2 to 3 mm to the main pancreatic duct is 
recommended, in order to prevent the formation of pancreatic fistulas (Mehrabi et 
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al., 2014). On the other hand, enucleations may be associated with a slightly higher 
risk for reoperations compared to pancreatic resections (Crippa et al., 2012). After 
enucleation, the second most common surgical method is distal pancreatic resection 
(applied in one-third of surgically treated patients), followed by pancreatico-
duodenectomy (sometimes referred to as Whipple procedure) in less than 3% of the 
surgically treated patients. Rare surgical methods, such as partial, central, subtotal, or 
total pancreatectomy are also applied in selected patients (Mehrabi et al., 2014). 
Concomitant lymphadenectomy is not routinely needed in patients with a non-
metastatic insulinoma (Jensen et al., 2012). 

Since first reported in 1996 (Gagner, et al., 1996), the laparoscopic approach has 
become increasingly common in insulinoma surgery. The laparoscopic technique is 
generally recommended for enucleation or distal resection of small, non-metastatic 
sporadic insulinomas of the body or tail of pancreas, as it has high cure and low 
complication rates similar to the open approach, but is associated with faster 
recovery and shorter postoperative hospitalization (Aggeli et al., 2016; Antonakis et 
al., 2015; Ayav et al., 2005; Drymousis et al., 2014; Hu et al., 2011; Isla et al., 2009; 
Jensen et al., 2012; Mehrabi et al., 2014; Richards et al., 2011; Roland et al., 2008; Su 
AP et al., 2014). Indications for open approach include multiple, MEN1-related or 
metastatic insulinomas, tumours located deep in the pancreatic head, as well as 
surgical exploration of tumours that could not be localized preoperatively (Mehrabi 
et al., 2014; van Beek et al., 2020; Zhao, Y.-P. et al., 2011). If the laparoscopic 
approach fails for example due to technical difficulties or difficulties in identifying 
the tumour, it can be converted to an open approach, as reported in less than 20% 
of the cases (Mehrabi et al., 2014). Blind pancreatic resection is not recommended 
for tumours that remain undetected in the pre- and intraoperative localizing studies, 
because of its low success rate and increased risk for surgical complications, 
including the development of diabetes due to endocrine pancreatic insufficiency 
(Hirshberg et al., 2002; Jensen et al., 2012; Mehrabi et al., 2014; Nikfarjam et al., 
2008). In addition to the open and laparoscopic approach, a few cases of successful 
robot-assisted surgeries have been recently reported for insulinomas, and their use 
may become more common in the future treatment of insulinoma patients (Alfieri 
et al., 2019; Belfiori et al., 2018; Kang et al., 2020; Lopez et al., 2016). 

Surgical complications occur commonly after pancreatic surgery. A recent 
systematic review reported no significant difference in the morbidity rate of 
laparoscopic or open surgery (33 vs. 35%, respectively) (Mehrabi et al., 2014). The 
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most common surgical complication is pancreatic fistula, which occurs in 3–60% of 
patients (Crippa et al., 2012; Giannis et al., 2020; Mehrabi et al., 2014; Nikfarjam et 
al., 2008; Zhao, Y.-P. et al., 2012). A mean rate of 6.2% has been reported for 
pancreatic fistulas after laparoscopic and 14.6% after open approach surgery 
(Mehrabi et al., 2014). Risk factors for pancreatic fistula include for example tumour 
enucleation, proximity of the tumour to the main pancreatic duct and the need for 
extensive manipulation of pancreatic tissue to identify the tumour (Mehrabi et al., 
2014). Male gender and operative time >3 hours were associated with an increased 
risk of pancreatic fistula in a retrospective study of 292 surgically treated insulinoma 
patients (Zhao, Y.-P. et al., 2012). Depending on their severity, pancreatic fistulas 
may heal spontaneously or require medical or surgical treatment. Other less common 
surgical complications include abscess, wound infection, pancreatitis, pseudocyst, 
and bleeding, each with a rate of 0 to 5% of surgeries (Mehrabi et al., 2014). 
Postoperative pancreatic endocrine or exocrine insufficiency may develop in 2–8% 
of patients, practically only after a larger pancreatic resection (Crippa et al., 2012; 
Mehrabi et al., 2014). Postoperative pulmonary embolism occurs in less than 2% of 
insulinoma patients (Mehrabi et al., 2014). A mean postoperative mortality rate of 
3.7% has been reported for open approach and 0% for laparoscopic surgery 
(Mehrabi et al., 2014).  

In addition to surgical resection of the primary tumour and the metastases, other 
invasive treatment options have been applied to selected patients with a metastatic 
or inoperable insulinoma, including ablative and embolization therapies, and even 
liver transplantation (Ahlman et al., 2004; Mehrabi et al., 2014; Zhao, Y.-P. et al., 
2011). Endoscopic, percutaneous or laparoscopic ablative therapies with ethanol 
injections or radiofrequency waves have been successfully carried out in patients with 
insulinomas (Brown, N. G. et al., 2020; Falconi et al., 2016; Furnica et al., 2020; Kluz 
et al., 2020; Mele et al., 2018; Yao et al., 2020). Hyperthermic radiofrequency ablation 
causes irreversible cellular injury and necrosis of the precisely targeted lesion (Brown, 
N.G. et al., 2020). Radiofrequency ablation may be an ideal and safe treatment for 
patients with a benign, otherwise inoperable insulinoma, but larger studies are still 
needed to confirm the long-term effectiveness of this technique (Mele et al., 2018; 
Furnica et al., 2020; Yao et al., 2020). Hepatic artery embolization with bland 
embolization, chemoembolization or radioembolization may be helpful in 
insulinomas with liver metastases (Brown, E. et al., 2018). 
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2.6.2 Medical treatment 

In patients with an operable, non-metastatic insulinoma, the surgical removal of the 
tumour should be conducted without delay, and the use of preoperative medication 
is not generally recommended (Kaltsas et al., 2017). Prior to, during and after the 
operation, careful glucose monitoring is indicated, and some patients may require 
preoperative intravenous glucose infusion to avoid hypoglycaemia (Kaltsas et al., 
2017). Administration of dextrose, intramuscular glucagon and potassium 
replacement may also be used in the treatment of acute, severe hypoglycaemias 
(Kaltsas et al., 2017). During the first few days after the surgery, small doses of insulin 
and/or glucose may be required to maintain normal blood glucose concentration 
(Kaltsas et al., 2017). 

Medical treatment of insulinoma is needed in patients with a metastatic disease, 
in patients who are inoperable or unwilling to undergo surgery, and sometimes 
preoperatively for symptom control (Jensen et al., 2012). The most effective 
medication for controlling hypoglycaemia is diazoxide. It inhibits the secretion of 
insulin by tumour cells and enhances glycogenolysis, and is effective in preventing 
hypoglycaemias in 50–60% of the patients (de Herder et al., 2011; Mehrabi et al., 
2014). It is usually well-tolerated, but may have several adverse effects, most 
commonly oedema due to retention of sodium and fluid, and hirsutism (Gill et al., 
1997). Thiazide diuretics are often used in combination with diazoxide to counteract 
the edema, and to potentiate the glycaemic effect of diazoxide (de Herder et al., 2011; 
Gill et al., 1997). 

Somatostatin analogues (octreotide, lanreotide and the next-generation 
somatostatin analogue pasireotide) affect by binding to distinct somatostatin 
receptor subtypes, leading to antiproliferative and antisecretory effects (de Herder et 
al., 2011; Gomes-Porras et al., 2020; Siddiqui et al., 2021). They are effective in 
controlling hypoglycaemia in at least 35–50% of insulinoma patients, but should be 
used with caution, because of the risk for worsening hypoglycaemia in some patients, 
due to inhibition of the counterregulatory effects of glucagon and growth hormone 
(Mehrabi et al., 2014; Tirosh et al., 2016; Vezzosi et al., 2008; Vezzosi et al., 2005). 
The effectiveness of somatostatin analogues depend on the varying expression of 
somatostatin receptor subtypes on the insulinoma cells, and malignant, metastatic 
insulinomas that often express somatostatin receptor subtype 2, may respond better 
to the somatostatin analogue treatment (de Herder et al., 2011; Gomes-Porras et al., 
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2020; Pavel et al., 2017; Vezzosi et al., 2005). Compared to octreotide and lanreotide, 
pasireotide has higher affinity to somatostatin receptors 1, 2, 3 and 5 (Gomes-Porras 
et al., 2020; Tirosh et al., 2016). Due to this wider receptor affinity profile, pasireotide 
might be successful in controlling hypoglycaemia in metastatic and recurrent 
insulinomas resistant to other treatment options (Tirosh et al., 2016, Gomes-Porras 
2020, Brown E. et al., 2018). 

Other less commonly used medications for controlling the hypoglycaemia in 
insulinoma patients include glucocorticoids, β-blockers, calcium channel blockers, 
diphenylhydantoin, interferon-α and recently, a multi-kinase inhibitor sunitinib and 
a mammalian target of rapamycin inhibitor everolimus (Mehrabi et al., 2014; Pavel 
et al., 2017). Sunitinib may control tumour progression and improve survival in 
patients with advanced PanNENs, but does not prevent hypoglycaemias (Brown E. 
et al., 2018). Everolimus has proved to be effective in both controlling the tumour 
growth and preventing hypoglycaemia in patients with a low-grade metastatic, 
inoperable insulinoma (Bernard et al., 2013; Brown E. et al., 2018; Davì et al., 2017; 
Falconi et al., 2016; Yao et al., 2009). Peptide-receptor-targeted radionuclide therapy 
(PRRT) with radiolabelled somatostatin analogues may be effective in patients with 
a somatostatin receptor positive insulinoma (Brown E. et al., 2018; Falconi et al., 
2016). Favourable response has recently been reported for example with 177Lu-
DOTATATE therapy of a patient with a metastatic insulinoma, with partial 
regression of the primary tumour and significant regression in hepatic and 
peripancreatic lymph node metastases (Erhamamci et al., 2020). High-grade, 
metastatic insulinomas may also respond to systemic chemotherapy with cytotoxic 
agents, such as capecitabine, temozolomide, streptozotocin, doxorubicin and 5-
fluorouracil (Brown E. et al., 2018; Garcia-Carbonero et al., 2017). In patients with 
highly proliferating (high Ki-67 index), poorly differentiated insulinomas, systemic 
chemotherapy is preferred, as it may result in a better treatment response, compared 
to somatostatin analogues or PRRT (Brown E. et al., 2018). 
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2.7 Prognosis of patients diagnosed with an insulinoma 

2.7.1 Short- and long-term morbidity 

Patients treated for an insulinoma may be at increased risk for long-term morbidity 
due to several reasons. Firstly, insulinoma patients are exposed to the effects of long-
lasting hyperinsulinemia and repeated episodes of hypoglycaemia, which may affect 
the long-term morbidity of patients with an insulinoma. Secondly, most patients 
undergo surgical treatment and/or invasive diagnostic procedures, bearing a risk for 
both short-term complications and long-term gastrointestinal morbidity, as well as a 
risk for endocrine or exocrine pancreatic insufficiency. Thirdly, a small proportion 
of insulinoma patients is diagnosed with a MEN1 or another genetic syndrome, 
which may increase the risk for additional morbidity for example due to other 
endocrine disorders or malignancies. 

Regarding the first aspect on the eventual long-term effects of hyperinsulinemia 
and hypoglycaemia, no increased prevalence of cardiovascular morbidity 
(hypertension, dyslipidaemia) has been found in previous studies on insulinoma 
patients (Leonetti et al., 1993; O'Brien et al., 1993). In these studies, however, the 
prevalence of hypertension and dyslipidaemia were studied at the time of insulinoma 
diagnosis or shortly after the surgical treatment of insulinoma, without long-term 
follow-up. Prior to the treatment, insulinoma patients typically gain weight and a 
significant weight loss occurs in most patients after the surgical removal of 
insulinoma. For example, in a recent study on 51 overweight patients (BMI ≥ 
25kg/m2) who underwent a complete resection of insulinoma, a significant weight 
reduction (median -13%) was detected already at 3 months after surgery, and 
hypertension resolved in 64% of the 11 hypertensive patients within the first 
postoperative year (Dai et al., 2017). 

Cognitive impairment has been detected in a recent small series of insulinoma 
patients (Dai et al., 2019). The cognitive impairment seemed to be at least partly 
reversible, and improved in most patients, when the cognitive function was 
reassessed one year after the surgery (Dai et al., 2019). There is, however, a lack of 
long-term follow-up data on the incidence of cognitive impairment or dementia in 
patients previously diagnosed with and treated for an insulinoma. Studies on patients 
with diabetes have indicated that repeated hypoglycaemias may cause permanent 
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neuronal damage, and increase the risk for impaired cognitive function and dementia 
(Cryer, 2007; Sheen & Sheu, 2016). 

The long-term cancer morbidity has not been previously studied specifically in 
insulinoma patients. Previous studies have indicated that long-acting 
hyperinsulinemia could be associated with increased cancer morbidity in patients 
with type 2 diabetes (Gallagher & LeRoith, 2011; Gallagher & LeRoith, 2020; Lega 
& Lipscombe, 2020), but whether this association exists in patients with an 
insulinoma, is currently not known. A study on 115 patients with a sporadic PanNET 
reported a secondary malignancy in two (4%) of the 47 insulinoma patients, which 
was similar to the risk of multiple primary malignancies in the general population 
(Fendrich et al., 2008). The two malignancies reported were an endometrial cancer 
and an adenocarcinoma of unknown origin. The number of insulinoma patients in 
this study was too small to draw firm conclusions regarding cancer morbidity among 
insulinoma patients. 

Regarding the second aspect, the short-term complications and morbidity, as well 
as endocrine and exocrine pancreatic insufficiency associated with pancreatic surgery 
have been extensively studied, as discussed above. Data on the long-term 
gastrointestinal morbidity of insulinoma patients, however, are scarce. In general, 
pancreatic surgery is associated with an increased risk, for example, for intestinal 
obstruction and abdominal hernias (Brown, J. A. et al., 2020; Chen-Xu et al., 2019). 
A recent study on insulinoma patients reported an incisional hernia in 9% of the 56 
patients with a benign, sporadic insulinoma treated with open enucleation (Belfiori 
et al., 2018). 

Regarding the third aspect, the role of genetic syndromes in the long-term 
morbidity of insulinoma patients, significant endocrine and cancer morbidity is 
known to be associated with the MEN1 syndrome (Callender et al., 2008). 
Insulinomas may also rarely be associated with other hereditary tumour syndromes, 
such as vHL or neurofibromatosis, with their specific clinical features. Interestingly, 
recent studies propose that several currently unidentified genetic mutations may exist 
among patients with a sporadic insulinoma (Jyotsna et al., 2015; Larouche et al., 
2019).  
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2.7.2 Survival 

The overall survival of insulinoma patients is generally good, and, after a surgical 
removal of a non-metastatic tumour, the patients are usually considered to be cured 
and to have a normal life expectancy (Mehrabi et al., 2014; Service F. J. et al., 1991). 
Compared to patients with a non-insulinoma functioning PanNET or a non-
functioning PanNET, patients with an insulinoma have a significantly longer overall 
survival (Gao et al., 2019). Disease recurrence after curative-intent insulinoma 
surgery is uncommon (3–8%) (Crippa et al., 2012; Mehrabi et al., 2014; Nikfarjam et 
al., 2008), but may occur slightly more commonly in patients with the MEN1 
syndrome (Nikfarjam et al., 2008; Service F. J. et al., 1991). On the other hand, the 
overall survival in patients with a distant metastatic insulinoma is significantly 
impaired, with a median of less than 2 years (Jensen et al., 2012), and does not 
significantly differ from that of patients with a non-functioning PanNET (Gao et al., 
2019) or a NEC (Bilimoria et al., 2008; Roland et al., 2012).  

The presence of distant metastases is the most significant predictor of poor 
prognosis in patients with an insulinoma. Some patients with a metastatic 
insulinoma, however, show prolonged survival of up to several decades, indicating 
that metastatic insulinomas may have a variable natural history and the presence of 
distant metastases is not a sufficient prognostic factor per se (Hirshberg et al., 2005). 
In the absence of distant metastases, regional lymph node involvement does not 
inevitably lead to an impaired overall survival, and the significance of lymph node 
involvement and lymph node dissection remains controversial (Câmara-de-Souza et 
al., 2018; Hirshberg et al., 2005; Mehrabi et al., 2014; Sada et al., 2020; Veltroni et al., 
2020). Apart from metastases, previous studies have aimed at identifying other 
tumour-, patient- and treatment-related factors that could predict the clinical course 
of the disease and the prognosis of patients with an insulinoma.  

Regarding tumour-related factors, a larger tumour size (generally ≥ 2cm) has been 
associated with a metastatic disease and impaired overall survival in several studies 
(Câmara-de-Souza et al., 2018; Jensen et al., 2012; Keutgen et al., 2016; Sada et al., 
2021; Wang et al., 2015). Considering the TNM Classification, a recent study on 85 
insulinoma patients demonstrated statistically significant survival disadvantage for 
patients with stage II, III or IV tumours, compared to stage I insulinomas (Wang et 
al., 2015).  
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In addition to the extent of the disease, the biochemical measurements of fasting 
levels of glucose, insulin, proinsulin and C-peptide may, to some extent, reflect the 
characteristics of the tumour. For example, in previous studies, a higher C-peptide 
level has been associated with a larger tumour diameter, tumour multiplicity 
(Donegan et al., 2017; Wolf et al., 2015), a malignant or metastatic disease (Câmara-
de-Souza et al., 2018; Queiroz Almeida et al., 2006; Sada et al., 2021) and a higher 
Ki-67 index (Wolf et al., 2015). Higher proinsulin levels have been associated with a 
larger tumour diameter and a metastatic disease (Donegan et al., 2017; Sada et al., 
2021). Likewise, lower initial blood glucose levels and higher levels of insulin have 
been associated with a higher Ki-67 index, a larger tumour diameter and a malignant 
disease (Câmara-de-Souza et al., 2018; Wolf et al., 2015). 

Regarding histopathological factors, there are currently no definitive markers that 
could distinguish between insulinomas with benign or malignant behaviour, and thus 
predict the overall survival of the patients (Mehrabi et al., 2014). Patients with a grade 
1 or 2 insulinoma have generally longer overall survival than patients with a high-
grade insulinoma (Wang et al., 2015). Similarly, a recent study on 31 patients with a 
lymph node or distant metastatic insulinoma, showed a trend, although not 
statistically significant, towards increased survival for lower-grade tumours, with a 5-
year overall survival of 100% for grade 1, 77% for grade 2 and 33% for grade 3 
tumours (Veltroni et al., 2020). Recent studies have identified several pathological 
and molecular features that may be associated with a malignant disease and/or worse 
overall survival. For example, chromosomal instability and alternative lengthening 
of telomeres have been associated with metastatic disease in insulinoma patients 
(Hackeng et al., 2020; Jonkers et al., 2005). Also, differences have been reported in 
the expression of endocrine transcription factors, epithelial adhesion molecule 
EpCAM, and GLP-1 and somatostatin receptors between metastatic and non-
metastatic insulinomas, but their diagnostic value has not yet been established 
(Hackeng et al., 2020; Portela-Gomes et al., 2007; Raffel et al., 2010; Waser et al., 
2015; Wild et al., 2011).  

Considering patient-related factors, older age is associated with impaired overall 
survival (Keutgen et al., 2016). Whether the gender of the patient affects the survival 
is unclear. In a recent study of 121 insulinomas retrospectively gathered from the 
SEER database, female gender was associated with significantly worse overall and 
cancer-specific survival (Sada et al., 2020). 
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Regarding treatment-related factors, the resection of the primary tumour may 
improve survival also in patients with a metastatic insulinoma (Danforth et al., 1984; 
Sada et al., 2020; Veltroni et al., 2020), as may the invasive treatment of distant 
metastases with chemoembolization, radiofrequency thermoablation or liver 
transplantation (Ahlman et al., 2004; Begu-Le Corroller et al., 2008; Starke et al., 
2005). Somatostatin analogue treatment, PRRT and everolimus may also prolong 
survival in patients with a somatostatin receptor positive and/or metastatic 
insulinoma (Bernard et al., 2013; Falconi et al., 2016; Magalhães et al., 2019; van 
Schaik et al., 2011; Veltroni et al., 2020; Vezzosi et al., 2005). Because of the rarity 
of metastatic insulinoma, however, large prospective randomized studies of patients 
treated with different treatment options have not been conducted.  

2.7.3 Health-related quality of life (HRQoL) 

The wide variety, severity and high frequency of hypoglycaemic symptoms is likely 
to affect the QoL in patients with a current insulinoma (Topping et al., 2017). The 
most commonly reported symptoms that are likely to impair the QoL in insulinoma 
patients include confusion, sweating, weight gain and temporary loss of 
consciousness (Topping et al., 2017). Fear of disease recurrence or eventual 
comorbidities might impair the long-term quality of life even after a curative 
treatment of the tumour. The HRQoL in patients with a current or a previously 
treated insulinoma, however, has not been studied before.  

2.8 Current recommendations for the follow-up of insulinoma 

According to the current ENETS Guidelines, patients with a solitary, surgically 
treated, non-metastatic G1–G2 insulinoma are invited to a clinical follow-up 3 to 6 
months after the surgery, with the measurement of fasting glucose, insulin, C-peptide 
and proinsulin levels. A fasting test and EUS is recommended, if a recurrence is 
suspected. For locally advanced or metastatic, inoperable insulinomas, a regular 
follow-up with hormone analyses and imaging every 3 to 6 months is recommended, 
depending on the severity of symptoms and aggressiveness of the tumour. 
Somatostatin receptor imaging can be utilized at yearly controls, if positive at 
diagnosis, and EUS may be useful, if progression is suspected. (Knigge et al., 2017) 
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3 AIMS OF THE STUDY 

The aim of the study was to clarify the incidence, diagnostics and treatment of 
patients diagnosed with an insulinoma, and to study their long-term prognosis 
compared to the general population. 

 
The detailed study questions were: 
 

1. Has the incidence of insulinomas changed in Finland during 1980–2010?  
2. Have the clinical characteristics of insulinomas changed during that 

period? 
3. How have the diagnostic and localization methods of insulinomas 

evolved in Finland during 1980–2010? Has the diagnostic delay changed 
during that period? 

4. Is there any difference in the long-term HRQoL between the patients 
diagnosed with an insulinoma and the general population? 

5. Is there any difference in the long-term endocrine, cardiovascular, 
gastrointestinal, psychiatric or cancer morbidity between the patients 
diagnosed with an insulinoma and the general population? 

6. Does the survival of patients diagnosed with an insulinoma differ from 
the general population? 
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4 SUBJECTS AND METHODS 

4.1 Subjects (I–III) 

4.1.1 The Finnish insulinoma cohort (I, III) 

All adult patients (≥ 18 years of age) diagnosed with an insulinoma in Finland during 
1980–2010 were included in the study. This study was preceded by a pilot study 
including the patients diagnosed with an insulinoma in Tampere University Hospital 
Special Responsibility Area during the same study period (Uitto et al., 2015). In this 
nationwide study, the patients were identified from the patient record registries of 
all the Finnish University Hospitals (Tampere, Helsinki, Kuopio, Turku and Oulu 
University Hospitals), and at the Finnish Cancer Registry (FCR). The search in the 
patient record registers was based on the diagnosis codes compatible with benign 
neoplasms of the pancreas, malignant neoplasms of the endocrine pancreas, and 
disorders of pancreatic internal secretion other than diabetes (International 
Classification of Diseases (ICD), 8th revision (codes 211,6 and 251), 9th revision 
(codes 1574, 2117, 2511) and 10th revision (codes C25.4, D13.6, D13.7, E 16.1). The 
search in the FCR was performed by the morphological codes 8150 Pancreatic endocrine 
tumour and 8151 Insulinoma, according to the International Classification of Diseases 
for Oncology, 3rd edition (ICD-O-3). 

The case histories of all the patients identified from these registers were reviewed 
to verify that the inclusion criteria were fulfilled. The inclusion criteria were 1) 
documentation of the Whipple triad and/or hyperinsulinaemic hypoglycaemia, and 
2) histopathological verification of an insulinoma. Inclusion of the four inoperable 
patients and the two patients, who died due to complications of pancreatic surgery 
or diagnostic angiography before the histopathological confirmation could be 
obtained, required 1) documentation of the Whipple triad and/or hyperinsulinaemic 
hypoglycaemia, and 2) imaging findings of a pancreatic tumour compatible with an 
insulinoma. 
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4.1.2 Participants of the HRQoL survey (II) 

All living patients of the Finnish insulinoma cohort were recruited by mail to 
participate in a survey studying their HRQoL in September and October 2017. The 
Finnish Population Register Centre provided address information of the study 
population. 

4.1.3 Reference subjects for the morbidity and mortality analyses (III) 

The reference population for morbidity and mortality analyses was obtained from 
the Finnish Population Register Center, where four controls were chosen for each 
patient, individually matched for age (+/- 6 months), gender and the place of 
residence at the index date, set as the date of insulinoma diagnosis. The controls had 
to be alive at the index date. 

4.1.4 Reference subjects for the HRQoL analyses (II) 

The reference population for the analysis of HRQoL, measured with the 15D 
instrument, included an age- and gender-matched sample (n=4692) of the Finnish 
population, obtained from the National Health 2011 survey (Koskinen et al., 2012). 

4.2 Methods (I–III) 

4.2.1 Incidence (I) 

The yearly incidence of insulinomas was calculated by dividing the number of new 
cases by the number of Finnish adult population on the 31st of December each year. 
The official population data was obtained from the public web database of Statistics 
Finland (Statistics Finland's PxWeb database).  
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4.2.2 Diagnostics and treatment (I–III) 

The clinical data of insulinoma patients were collected from the patient records in 
Tampere, Kuopio, Helsinki, Turku and Oulu University Hospitals, as presented in 
Table 5.  

The hormone determinations during the fasting test were analysed by the criteria 
for endogenous hyperinsulinaemic hypoglycaemia, defined by the Endocrine Society 
(Table 1) (Cryer et al., 2009). The blood glucose values were multiplied by 1.15, to 
align them with the plasma glucose measurements. Complications of the surgical 
treatment of insulinomas were classified according to the Clavien-Dindo (CD) 
classification (Table 6) (Clavien et al., 2009; Dindo et al., 2004).  
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Table 5. Data collected from the patient records  

Data  Details 
Date and age at the onset of symptoms  
Date and age at the clinical diagnosis of 
insulinoma 

 

Previous diseases and medication  
Gender  
Clinical picture Neuroglycopenic and autonomic symptoms, provoking 

factors, evolving of the symptoms over time, frequency of 
the symptoms 

Weight and height Weight and height at diagnosis, changes in weight over 
time 

Examinations by other specialities Information on examinations of the patients for 
insulinoma-related symptoms by specialities other than 
endocrinology before the correct diagnosis of insulinoma 

Laboratory findings Lowest incidental blood glucose concentration and 
highest incidental serum insulin and C-peptide 
concentrations pre- and postoperatively; measurements 
of glycated haemoglobin (HbA1c) and other 
endocrinological tests, results of fasting tests and 
prolonged (5-hour) oral glucose tolerance tests 

Associated genetic syndromes Including MEN1 and vHL 
Preoperative imaging Imaging methods, findings, and success rates 
Preoperative medical treatment Medications, duration of treatment, applied doses and 

drug response 
Surgery Date, surgical method (enucleation/ distal resection/ 

pancreatico-duodenectomy, open vs. laparoscopic 
approach), surgical complications 

Pathological and histological characteristics Tumour size and multiplicity, location in the pancreas, 
histopathological diagnosis, including WHO class, tumour 
grade, stage, and immunohistochemistry 

Postoperative medical treatment Medications, duration of treatment, doses, and drug 
response 

Metastatic insulinomas Sites of metastases, treatment of metastatic disease 
Recurrences Date, type (progression/ recurrence), and treatment of 

recurrent/progressive disease 
Follow-up Duration and site of follow-up (university hospital/other 

hospital/primary healthcare) 
Date and cause of death 
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Table 6. Clavien-Dindo classification of surgical complications. Adapted from Clavien et al., 
2009; and Dindo et al., 2004. 

Grade Definition 
I Any deviation from the normal postoperative course without the need for 

pharmacological treatment or surgical, endoscopic and radiological interventions. 
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, 
diuretics and electrolytes and physiotherapy. This grade also includes wound 
infections opened at the bedside. 

II Requiring pharmacological treatment with drugs other than such allowed for grade I 
complications. 
Blood transfusions and total parenteral nutrition are also included. 

III Requiring surgical, endoscopic or radiological intervention 
 IIIa Intervention without general anaesthesia 
 IIIb Intervention under general anaesthesia 
IV Life-threatening complication requiring intensive care management 
 IVa Single organ dysfunction 
 IVb Multiorgan dysfunction 
V Death of patient 

4.2.3 Morbidity (III) 

Morbidity of the patients vs. controls was evaluated based on the diagnoses 
registered at the Care Register for Health Care (HILMO) between January 1, 1980 
and December 31, 2015. The Care Register for Health Care, maintained by the 
Finnish Institute of Health and Welfare (THL), is a continuation of the Hospital 
Discharge Registry, which has data on all Finnish residents discharged from any 
Finnish hospital between 1969 and 1993. In addition to inpatient hospital 
admissions, the specialized outpatient care visits have been included in the HILMO 
database since 1998. Recording diagnoses to the database is obligatory in Finland. 
The diagnoses have been coded according to the Finnish version of the 8th revision 
of the International Classification of Diseases (ICD) from 1969 to 1986, the 9th 
revision of the ICD from 1987 to 1995, and the 10th revision of the ICD since 1996. 
Both the primary and the secondary diagnoses were included in the analyses.  

The morbidity analyses were focused on endocrine, cardiovascular, 
gastrointestinal and psychiatric disorders, and cancers. The classification of the 
disorders analysed according to the Finnish version of the 8th, 9th, and 10th revision 
of the ICD, is shown in Table 7. The diagnosis codes for hyperinsulinism and 
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hypoglycaemia were excluded from the analyses of endocrine disorders, and 
rheumatic heart diseases and infectious endo-, peri- and myocardial diseases were 
excluded from the analyses of cardiovascular diseases. 

Cancer morbidity was evaluated separately, based on the diagnoses registered at 
the FCR, where Finnish health care organizations statutorily provide information on 
all new cancer cases. The FCR data included information on the date of diagnosis, 
age at diagnosis, number of total cancer diagnoses for each person, topography, 
morphology and behaviour of each tumour according to the ICD-O-3, cancer types 
by ICD-10, cancer stage, laterality, method of diagnosis, as well as municipality and 
hospital district, where the notification came from. In the analyses, the cancer 
notifications related to insulinomas were excluded case-by-case, by comparing the 
notifications with the data collected from the patient records.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

59 

 

Table 7. Classification of endocrine, cardiovascular, gastrointestinal, and mental and 
behavioural disorders, according to the Finnish version of the 8th, 9th and 10th 
revision of the International Classification of Diseases (ICD). Adapted from Peltola 
et al., 2021b. 

Disease category Classification of diseases 
ICD-8 ICD-9 ICD-10 

Endocrine disorders 240–250, 252–
258 

240–250, 252–
259 

E00–E14, E20–
E35 

 Diabetes 250 250 E10–E14 
 Thyroid disorders 240–246 240–246 E00–E07 
 Parathyroid disorders 252 252 E20–E21 
 Other endocrine disorders 253–258 253–258 E22–E29, E31–

E35 
Cardiovascular diseases 400–414, 423–

458 
401–417, 423–
459 

I10–I28, I31, I34–
I37, I42–I99 

 Cerebrovascular diseases 430–438 430–438 I60–I69 
 Hypertension 400–404 401–405 I10–I15 
 Arrhythmias and conduction disorders 427,2–427,98  426–427 I44–I49 
  Atrial fibrillation and flutter 427,92 4273A I48 
 Coronary artery disease 410–414 410–414 I20–I25 
 Diseases of the arteries and veins 440–448, 451–

458  
440–448, 451–
459 

I70–I89 

 Valvular diseases and cardiomyopathies 423–425 423–425 I31, I34–I37, I42–
I43 

 Heart failure 427.0, 427.1, 
428 

428 I50 

 Diseases of the pulmonary circulation 426, 450 415–417 I26–I28 
Gastrointestinal diseases 530–577 530–579 K20–K93 
 Diseases of the oesophagus, stomach, 

and duodenum 
530–537 530–537 K20-K31 

 Abdominal hernias 550–553 550–553 K40–K46 
 Chronic inflammatory bowel diseases 563 555–556 K50–K51 
 Diseases of the appendix 540–543 540–543 K35–K38 
 Other bowel diseases 560–562, 564–

569 
557–569 K52–K67, K90–

K93 
 Diseases of the liver, biliary tract, and 

gallbladder 
570–576 570–576 K70–K83 

 Diseases of the pancreas 577 577 K85–K87 
Mental and behavioural disorders 290–315 290–315 F00–F99 
 Dementia 290 290 F00–F03 
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4.2.4 Mortality (III) 

For mortality analyses, the dates and causes of death of the patients and the controls 
were obtained from Statistics Finland between January 1, 1980 and December 31, 
2015. This database includes the dates and causes of death of all Finnish citizens 
deceased since 1971, classified according to the ICD (Statistics Finland, 2017). From 
the causes of death recorded in this database (underlying, contributing, intermediate 
and immediate cause of death), the underlying cause of death was used in the 
analyses, defined as the disease which has initiated the series of illnesses leading 
directly to death. In addition to the ICD, the causes of death are classified into 54 
categories according to a national time series classification, convertible with the ICD 
(Statistics Finland, 2017). The national time series classification has been created to 
enable comparisons of the causes of death over time, regardless of the different 
versions of the ICD.   

4.2.5 Health-related quality of life (II) 

The long-term HRQoL of insulinoma patients was evaluated with a validated 
HRQoL instrument, 15D (Appendix 1). The 15D questionnaire was accompanied 
by a questionnaire on current health (Appendix 2), in order to identify factors 
associated with the HRQoL. Both questionnaires were mailed to all living patients 
of the insulinoma cohort in September and October 2017. 

4.2.5.1 The 15D instrument (II) 

The 15D instrument is a generic, validated tool for the measurement of the HRQoL 
among adults, with a high discriminatory power and responsiveness to change 
(Hawthorne et al., 2001; Moock & Kohlmann, 2008; Sintonen, 2001). It consists of 
15 dimensions rated on a 5-level scale: mobility/moving, vision/seeing, hearing, 
breathing, sleeping, eating, speech, excretion, usual activities, mental function, 
discomfort and symptoms, depression, distress, vitality and sexual activity. For each 
dimension, the participant chooses the level that best describes his or her current 
health status. To create the 15D profile, the level values on each dimension are 
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calculated on a scale of 0–1, with a higher score reflecting better HRQoL on that 
dimension. 

In addition to the profile instrument, the 15D can be used as a single index 
instrument representing the overall HRQoL (Sintonen, 2001). The total (single 
index) 15D score is generated from the dimensional level values by using a set of 
population-based preference or utility weights. Like the level values on each 
dimension, the single index 15D score is calculated on a scale of 0–1, with 1 
indicating no problems on any dimension, and 0 equalling to being dead. In a cross-
sectional setting, the minimum important difference in the single index 15D score 
has been estimated to be ± 0.015 (Alanne et al., 2015). 

4.2.5.2 Health questionnaire (II) 

The health questionnaire consisted of 14 multiple choice questions, as well as 
questions on current height, weight, and regular medication (Appendix 2). The 
multiple-choice questions included questions on demographic factors, glucose 
metabolism, other chronic diseases and medical interventions, participants’ own 
opinion on their current health, as well as the current follow-up status of insulinoma. 

4.2.6 Statistical analysis (I–III) 

The statistical analyses were conducted with the IBM SPSS Statistics for Windows, 
versions 22.0, 25.0 and 27.0 (IBM Corp., Armonk, NY, USA), the STATA Statistical 
Software, Release 13 (StataCorp LP, College Station, TX, USA) and the OpenEPI 
Collection of Epidemiologic Calculators, Version 3.01.  

4.2.6.1 Data presentation and comparison of subgroups (I–III) 

The data are presented as mean (standard deviation, SD) for normally distributed 
variables, median [minimum (min)–maximum (max)] for other numerical variables 
and number (%) for categorical variables. The differences in clinical and treatment-
related factors (age, gender, diagnostic delay, sensitivity of imaging methods, tumour 
diameter, type and period of surgery and occurrence of surgical complications) were 
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compared between different subgroups of patients with an insulinoma (patients with 
a non-metastatic or a metastatic insulinoma; patients with or without MEN1 
syndrome; patients treated in the 1980s, 1990s or 2000s; patients treated with 
different surgical methods; and participants or non-participants of the HRQoL 
survey) using the Mann-Whitney U test, Student t-test, Kruskal-Wallis test, or 
Fisher’s exact test, as appropriate. A two-sided p-value below 0.05 was considered 
statistically significant. Poisson regression analysis was conducted to analyse the 
changes in the incidence of insulinomas during the study period. 

4.2.6.2 Statistical analysis of morbidity (III) 

First, the incidence of endocrine, cardiovascular, gastrointestinal, psychiatric and 
cancer diseases diagnosed before the diagnosis of insulinoma was compared between 
the patients and controls using Fisher’s exact test and conditional logistic regression. 
Secondly, the incidence rates of these diseases after the diagnosis of insulinoma were 
analysed for the patients and the controls and compared by calculating the incidence 
rate ratios (RR) with the 95% Confidence Intervals (95% CI), using the Mantel-
Haenszel method. The follow-up time of each patient for each disease or disease 
group lasted until the diagnosis of that disease or the common closing date 
(December 31, 2015), unless death or emigration occurred first. Because only the 
first notification of each disease or disease group was included in the analyses, 
persons with a disease diagnosed before the index date were excluded from the 
incidence calculations of that disease category and were included only in the analyses 
regarding morbidity before the diagnosis of insulinoma. If a patient was diagnosed 
with a disease before the index date, also the corresponding controls were excluded 
from the analyses, to ensure a more reliable comparison between the patient group 
and the control group. In order to eliminate detection bias in the morbidity analyses 
of the patients vs. controls, a sensitivity analysis was performed for all disease 
categories, excluding persons diagnosed with a disease within the category being 
analysed, during the first year after the index date. 



 

 

63 

 

4.2.6.3 Statistical analysis of mortality (III) 

For the mortality analyses, individual follow-up times were calculated from the 
diagnosis of insulinoma until death, emigration or the common closing date 
(December 31, 2015), whichever occurred first. The overall survival was compared 
between the patients and the controls, using Kaplan-Meier analysis with the log-rank 
test. Cox regression analysis was used to assess the hazard ratios (HR) and 95% CIs 
for mortality rates in patients with a non-metastatic or a metastatic insulinoma, and 
their controls. The insulinomas were retrospectively classified according to their 
largest diameter (≥ vs. <2 cm) and the current TNM Classification (Brierley et al., 
2017). Uni- and multivariate Cox regression analyses were used to identify eventual 
clinical, biochemical, and tumour- and treatment-related factors associated with the 
overall survival. The distribution of the causes of death, according to the national 
time series classification, was compared between the patients and the controls with 
the Fisher’s exact test. 

4.2.6.4 Statistical analysis of HRQoL (II) 

The mean total 15D score, as well as the mean scores on the fifteen distinct 
dimensions of the HRQoL, were compared between the patients and the controls 
using the independent samples t test, according to the validated 15D protocol 
(Sintonen, 2001). The mean difference in the total 15D score was compared to the 
minimum clinically important difference, previously defined as ± 0.015 (Alanne et 
al., 2015) Because the 15D variables were non-normally distributed in the 
insulinoma cohort, the analyses were also performed by using the Mann-Whitney U 
test. 

Spearman correlation coefficients were calculated to examine the association of 
numerical factors with the HRQoL among patients with an insulinoma. For 
categorical variables, the differences in the 15D scores were analysed with the Mann-
Whitney U test or the Kruskal-Wallis test, as appropriate. The body mass indexes of 
the participants were calculated from the self-reported weight and height measures 
and compared with those registered at the time of clinical insulinoma diagnosis, using 
the Wilcoxon signed rank test. 
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4.2.7 Ethical considerations 

This study was undertaken in accordance with the Declaration of Helsinki. The 
Regional Ethics Committee of the Tampere University Hospital catchment area 
reviewed and approved the study protocol. The University Hospitals of Tampere, 
Helsinki, Kuopio, Turku, and Oulu gave permissions to use data from their patient 
record registries. The Finnish Institute for Health and Welfare yielded permission 
for the use of data from the FCR and HILMO. Statistics Finland gave permission 
for the dates and causes of death derived from their database. The Population 
Register Centre gave permission for choosing the control population from the data 
of their register, and for using the patients’ contact information for the HRQoL 
survey. Each participant of the HRQoL survey gave a written informed consent and 
a permission to combine the information received from the questionnaires with the 
data from the registers mentioned above. Participation in the HRQoL study was 
voluntary, free of charge, and uncompensated. 
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5 SUMMARY OF THE RESULTS 

5.1 Clinical characteristics of the patients 

5.1.1 All patients diagnosed with an insulinoma in Finland 1980–2010 (I, III) 

A total of 79 adult patients (≥ 18 years of age) were diagnosed with an insulinoma 
in Finland during the study period. Characteristics of the patients are presented in 
Figure 1. Two (3%) patients had a MEN1 syndrome associated with a benign, 
solitary insulinoma. No other hereditary syndromes were detected. During the 
follow-up time (until December 31, 2015), twenty-five (32 %) patients and 63 (20%) 
controls deceased, and one subject emigrated from Finland. The median duration of 
follow-up beginning from the diagnosis of insulinoma was 10.7 (0.2–32.6) years for 
patients and 12.2 (1.2–35.5) years for controls. 
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Figure 1. Characteristics of the insulinoma patients. 

 
 
 

 

Typical symptoms: 
confusion (86%), drowsiness 
(58%), sweating (57%) and 
visual disturbances (52%) in the 
fasted state 

Mean age 52 (SD 16) 
years 

70% female, 30% male 

Median BMI 27   
(min 20, max 51) kg/m2 

Median duration of 
symptoms 1.1 (min 0.0, 
max 20.3) years  

 
Tumour characteristics: 
Median diameter 14 (min 4, 
max 60) mm  

Location in the head (44%), 
body (18%) or tail (27%) of 
the pancreas 
 
89% non-metastatic, 11% 
metastatic  

Median lowest 
spontaneous plasma 
glucose 2.0 (min 1.3, 
max 4.9) mmol/l  
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5.1.2 Patients participating in the HRQoL survey (II) 

Of the 79 patients diagnosed with an insulinoma, fifty-one (65%) were alive in 
September 2017, and were invited to participate in the HRQoL survey. Of the 51 
patients, 38 gave their informed consent, and filled in and returned the 15D and 
health questionnaires (response rate 75%). All the HRQoL study participants had 
undergone curative-intent pancreatic surgery for their insulinoma, a median of 13 
(7–34) years earlier. The characteristics of the HRQoL study participants are shown 
in Table 8. When the participants and non-participants were compared, no 
significant difference was found in the patient characteristics (age at survey, gender, 
age at diagnosis and time since diagnosis) or insulinoma-specific factors (surgical 
method, period of surgery and prevalence of metastatic disease). By contrast, a 
metastatic disease was significantly more common among the patients deceased 
before the survey (n=28) compared to the participants alive and the non-participants 
(25% vs. 5% and 0%, respectively, p=0.026, Fisher’s exact test). 
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Table 8. Characteristics of the HRQoL survey participants, previously diagnosed with an 
insulinoma (n=38). Modified from Peltola et al., 2021a. 

 n / median % / min–max 
Age, years 64 31–85 
Gender, female 28 74 
Current BMIa, kg/m2 25 19–51  
Marital status   
 Married or cohabiting 26 68 
 Single, divorced or widowed 12 32 
Education   
 Lower education 7 18 
 High school or above 31 82 
Age at diagnosis of insulinoma, years 46 21–76 
Time since diagnosis of insulinoma, years 14 7–34 
Surgical methods   
 Tumour enucleation 16 42 
 Distal pancreatic resection 16 42 
 Pancreatico-duodenectomy 6 16 
Major, grade III-V surgical complicationsb 7 18 
Distant metastases 2 5 
Follow-up status for insulinoma at the time of survey   
 No follow-up 29 76 
 Primary healthcare 3 8 
 Regional or university hospital 5 13 
 Data missing 1 3 
Self-reported chronic diseases   
 Any chronic disease 27 71 
 Hypertension 18 47 
 Other cardiovascular diseases 4 11 
 Hypercholesterolemia 5 13 
 Peripheral joint disease 6 16 
 Spondyloarthrosis 5 13 
 Diabetes 4 11 
 Asthma 4 11 
 Depression and other psychiatric disorders 4 11 
 Otherc 7 18 

aCalculated on the basis of self-reported height and weight measures of the survey participants. 
bClassified according to the Clavien-Dindo classification (Table 6, Clavien et al., 2009; Dindo et al., 
2004). cOther chronic diseases included gastroesophageal reflux disease (n=2), osteoporosis (n=2), 
stroke, anaemia, sleep apnoea, diverticulosis, goitre and chronic pain syndrome (n=1 each). 
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5.2 Incidence of insulinoma (I) 

The incidence of insulinomas over the whole study period, 31 years, was 0.6 per 
million adults per year. The incidence increased significantly, from 0.5 and 0.4 in the 
1980s and 1990s, to the 0.9 per million per year in the 2000s (yearly incidence rate 
ratio 1.043, p=0.002, Poisson regression analysis). From the 9 patients with a 
metastatic insulinoma, 3 (33%) were diagnosed in the 1980s, 2 (22%) in the 1990s 
and 4 (44%) in the 2000s. 

5.3 Clinical picture and diagnostic delay of insulinoma (I) 

Criteria for the Whipple triad (symptomatic hypoglycaemia relieved by rising the 
glucose level) were met in all but two patients prior to the diagnosis of insulinoma. 
The mean age at the onset of symptoms was 49 (SD 15) years. The clinical 
presentation of insulinoma in the patients is shown in Table 9. The symptoms were 
usually provoked by fasting, but 8% had additionally postprandial symptoms, and 
44% had symptoms provoked by exercise. No patient had exclusively postprandial 
symptoms. Neuroglycopenic symptoms predominated the clinical picture, and 
severe hypoglycaemia leading to unconsciousness was documented in 36 (46%) 
patients prior to the diagnosis of insulinoma.  Excessive sweating was the most 
common autonomic symptom, followed by tremor and anxiety or aggressiveness. 
Over half of the patients gained weight, and one-third of them more than 10 
kilograms. The median body mass index (BMI) was 27 (20–51) kg/m2 at the time of 
the diagnosis. 

There was no significant difference in the clinical presentation (presence of 
autonomic and neuroglycopenic symptoms, presence of fasting and postprandial 
symptoms, history of severe hypoglycaemia leading to unconsciousness, age at the 
onset of symptoms, BMI at the diagnosis, or gender distribution) between patients 
diagnosed in the 1980s, 1990s and 2000s, nor between patients with a metastatic or 
a non-metastatic insulinoma. The two patients with the MEN1 syndrome were 
younger than the patients with a sporadic insulinoma (mean age 42 vs. 52 years, 
respectively) at the time of the diagnosis, but the difference was not statistically 
significant (p=0.368). 
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The median duration of hypoglycaemic symptoms at diagnosis (diagnostic delay) 
was 13 months and it did not significantly differ between the patients diagnosed in 
the 1980s, 1990s and 2000s (17, 11 and 17, respectively, p=0.784, Kruskal-Wallis 
test). Thirty-one (39%) of the patients were first examined for their symptoms by 
specialties other than endocrinology or internal medicine, most often by neurology 
or neurosurgery (27 patients), cardiology (7 patients), psychiatry (2 patients) and 
ophthalmology (2 patients). 

Two patients did not have a history of hypoglycaemias at diagnosis: one patient 
was diagnosed with a MEN1-related insulinoma in the connection of MEN1-
investigations of the patient’s sibling, and hypoglycaemic symptoms appeared 3 years 
after the diagnosis of the tumour. The other patient was diagnosed with a pancreatic 
tumour during investigations due to jaundice and diarrhoea. The tumour was 
operated on, with a histopathological diagnosis of islet cell carcinoma, and episodes 
of symptomatic hypoglycaemia occurred 8 months after the surgery, concurrently 
with the detection of liver metastases. 
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Table 9. Clinical presentation of insulinoma in 79 patients diagnosed in Finland in 1980–
2010. Modified from Peltola et al., 2018. 

 n (%) 
Neuroglycopenic symptoms 76 (96) 
 Confusion 68 (86) 
 Drowsiness 46 (58) 
 Visual disturbances 41 (52) 
 Unconsciousness 36 (46) 
 Amnesia 35 (44) 
 Lightheadedness 26 (33) 
 Hunger 24 (30) 
 Paraesthesias 20 (25) 
 Headache 16 (20) 
 Seizures 15 (19) 
Autonomic symptoms 61 (77) 
 Sweating 45 (57) 
 Tremor 21 (27) 
 Anxiety, aggressiveness 16 (20) 
 Palpitations 14 (18) 
Evolvement of the symptoms  
 Progressive 41 (52) 
 Stable 4 (5) 
 Data missing 34 (43) 
Symptom frequency at worst  
 Daily 32 (41) 
 Weekly 10 (13) 
 Monthly 6 (8) 
 Data missing 31 (39) 
Weight gain  
 Yes  44 (56) 
 No  14 (18) 
 Data missing 21 (27) 
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5.4 Preoperative diagnostics of insulinoma (I) 

5.4.1 Biochemical diagnostics 

Before the surgical treatment of insulinoma, the median lowest plasma glucose in 
the patients, apart from the fasting and glucose tolerance tests, was 2.0 (1.3–4.9) 
mmol/l (n=62), and the median glycated haemoglobin (HbA1c) value was 4.9 (3.7–
5.7) %, i.e., 30 (17–39) mmol/mol (n=31). Sixty-five (82%) patients underwent a 
prolonged fasting test, aiming at the fast duration of 24, 36 or 72 hours (accurate 
data for analysis missing in one of these patients). The fasting test resulted in 
hyperinsulinaemic hypoglycaemia, defined according to the criteria of the Endocrine 
Society (Cryer et al., 2009), in 59 (92%) patients, after a median fasting duration of 
14 (0–36) hours. Four of the five patients with a negative fasting test had the fast 
terminated prematurely against the current recommendation of 72 hours.  

When the determinations of glucose, insulin and C-peptide obtained 
preoperatively and in the fasting test (Table 10) were compared between patients 
with metastatic vs. non-metastatic insulinoma, patients with a metastatic insulinoma 
had a significantly higher spontaneous preoperative serum C-peptide level [3.0 (2.2–
3.6) vs. 1.0 (0.4–4.4) nmol/l, p=0.004. No significant difference was found between 
the glucose or insulin concentrations, or the duration of fast in the fasting test, 
between patients with a metastatic or a non-metastatic insulinoma. An oral glucose 
tolerance test was performed in eleven (14%) patients, with hyperinsulinaemic 
hypoglycaemia confirmed in three of these tests. 

 

Table 10. Glucose and hormone concentrations in spontaneous samples and during 
prolonged fasting test in 64 patients diagnosed with an insulinoma in Finland in 
1980–2010 (Peltola et al., 2018) 

 median (min–max) 
Lowest spontaneous plasma glucose, mmol/l (n=62) 2.0 (1.3–4.9) 
Highest spontaneous serum insulin, mU/l (n=49) 26.0 (3.10–271.0) 
Highest spontaneous serum C-peptide, nmol/l (n=39) 1.2 (0.4–4.4) 
Plasma glucose nadir in the fasting test, mmol/l (n=64) 2.2 (0.8–4.5) 
Corresponding serum insulin in the fasting test, mU/l (n=55) 16.0 (1.5–154.0) 
Corresponding serum C-peptide in the fasting test, nmol/l (n=44) 0.9 (0.3–4.4) 
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5.4.2 Localization studies 

A total of 234 preoperative imaging procedures were performed on the 79 patients 
diagnosed with an insulinoma, with a median of 3 (1–7) imaging modalities used per 
patient. The ratio of tumours successfully localized preoperatively increased from 
39% and 56% in the 1980s and 1990s, respectively, to 98% in the 2000s. Preoperative 
localizing methods and sensitivities are presented in Table 11, arranged according to 
their frequency.  

A CT scan was performed on 90% of the patients, with an overall sensitivity of 
32%. Despite the limited sensitivity of CT over the whole study period, the sensitivity 
of CT scanning improved remarkably from 6% and 18% in the 1980s and 1990s, 
respectively, to 51% in the 2000s (p=0.001). The sensitivities of other imaging 
modalities in the 2000s were 82% for EUS (n=17), 63% for angiography (n=11), 
58% for 18F-DOPA-PET/CT (n=19), 55% for MRI (n=22), and 36% for abdominal 
US (n=11). The sensitivity of octreotide scintigraphy (n=9) was only 11%. In one 
patient, the insulinoma was successfully localized with MRCP. In a subgroup analysis 
including only tumours with a diameter of 1 cm or less, the highest sensitivity was 
achieved with EUS (78%), while the sensitivities of other methods were 43% for 18F-
DOPA-PET/CT, 40% for MRI, 33% for octreotide scintigraphy, 23% for CT, and 
0% for transabdominal US.  

In addition to preoperative imaging, also intraoperative US was used on 19 
patients (26% of the surgically treated ones). It could localize the tumour in 15 of 
these patients (sensitivity 79%), including 3 patients whose tumour remained 
undetected by the preoperative imaging methods. One patient died of complications 
in a diagnostic angiography. Other lethal complications did not occur in relation to 
the invasive localization of insulinomas. 
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Table 11. Preoperative localizing methods and their sensitivities in 79 patients diagnosed with 
an insulinoma in Finland 1980–2010 (Peltola et al., 2018). 

Localizing method (n) Proportion of patients, % Rate of correct localization, % 
CT scan (71) 90 32 
Abdominal US (35) 44 17 
Angiography (34) 43 38 
MRI (28) 35 50 
EUS (23) 29 78 
18F-DOPA PET/CT (20) 14 55 
Octreotide scintigraphy (15) 19 20 
THPVS (4) 5 75 
ERCP (2) 3 0 
MRCP (1) 1 100 
18F-FDG-PET/CT (1) 1 0 

CT computed tomography, US ultrasound, MRI magnetic resonance imaging, EUS endoscopic 
ultrasound, PET/CT positron emission tomography-computed tomography, THPVS transhepatic 
portovenous sampling, ERCP endoscopic retrograde cholangiopancreatography, MRCP magnetic 
resonance cholangiopancreatography. 

5.4.3 Tumour characteristics and histopathology 

Insulinoma was solitary in 73 (92%) patients and multiple in 5 (6%) patients (data 
missing in one patient). Median tumour diameter was 14 mm and 70% of the 
tumours were less than 2 cm in diameter. Metastatic insulinomas were significantly 
larger than non-metastatic insulinomas [a median diameter of 35 (10–60) vs. 14 (4–
40) mm, p=0.004]. Fifty-one per cent of insulinomas were located in the head or 
neck and 49% in the body or tail parts of the pancreas. When the tumours were 
retrospectively classified according to the current TNM classification (Brierley et al., 
2017), 58 (73%) insulinomas fell into stage I, 10 (13%) into stage II, 0 into stage III, 
and 9 (11%) into stage IV (data not available for analysis in 2 patients).  

In 73 of the 79 patients, the diagnosis was confirmed histopathologically, whereas 
in 6 patients, including 4 inoperable patients, the diagnosis was based on the 
documentation of the Whipple triad or biochemical detection of hyperinsulinaemic 
hypoglycaemia, together with imaging findings compatible with an insulinoma. 
Insulin staining was positive in all the 59 tested specimens. Most tumours also 
stained positively for chromogranin A [39/42 (93%)] and synaptophysin [32/35 
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(91%)]. The Ki-67 index was determined in 29 specimens and was <3% in 20 (69%), 
3–20% in 6 (21%) and >20% in 2 (7%) of the tested specimens. 

According to the patient record and pathology registry data, the insulinomas were 
originally classified as benign in 58 (73%), malignant in 11 (14%), and undetermined 
in 6 (8%) patients. Of the 11 insulinomas originally classified as malignant, 9 (11% 
of all insulinomas) presented with distant metastases. In the specimens of the two 
patients without distant metastases, the histopathological diagnosis of malignancy 
was based on a high proliferation index (Ki-67 labelling index 9%) in one tumour, 
and on microscopic perineural invasion in the other tumour. Of the 9 patients with 
distant metastases, 8 had metastases in the liver, 3 in the lungs, 3 in distant lymph 
nodes (mesothelial, mediastinal and subcarinal), 1 in the mesothelium of the jejunum 
and 1 in the neck. No patient presented with solely lymph nodal metastases. The 
original pathology report -based classification into malignant vs. benign or 
undetermined insulinomas was applied in reporting the management and outcome 
of insulinomas in Publication I. In line with the current WHO Classification, by 
which all NETs are considered to be malignant (WHO Classification of Tumours 
Editorial Board, 2019), the terms benign and malignant were avoided in Publications 
II and III, and the tumours were classified simply based on the presence of distant 
metastases, into metastatic and non-metastatic insulinomas. 

5.5 Treatment and outcome of patients with insulinoma (I, III) 

5.5.1 Surgical treatment 

Seventy-one (89.9%) patients diagnosed with an insulinoma underwent curative-
intent surgery. The curative-intent surgical methods included 31 (44%) tumour 
enucleations, 31 (44%) distal resections and 9 (13%) pancreatico-duodenectomies. 
Two distal resections were successfully performed laparoscopically. Conversion 
from laparoscopic to open approach was made in additional 5 patients. Data on the 
surgical approach (open vs. laparoscopic) was missing in 6 patients. In addition to 
the patients with curative-intent surgery, 2 patients with a metastatic insulinoma 
underwent distal pancreatic resections as palliative-intent surgery. There was no 
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significant difference in the distribution of the surgical methods applied between the 
1980s, 1990s and 2000s. 

The surgical operations were performed in the University Hospitals of Helsinki 
(n=24, 33%), Tampere (n=19, 26%), Kuopio (n=12, 16%), Turku (n=9, 12%), and 
Oulu (n=7, 10%), and in Päijät-Häme Central Hospital in Lahti (n=2, 3%). In a 
subgroup analysis of the patients who underwent surgery in the Helsinki University 
Hospital, the enucleation rate increased from 0 in the 1980s to 44% in the 2000s, 
while the rate of pancreatic resections decreased from 100 to 56%, respectively 
(p=0.021). 

Two patients died due to surgical complications, the postoperative mortality 
being 2.7%. One patient died due to bleeding during a pancreatic tail resection, and 
the other patient died during a reoperation performed for a pancreatic fistula, 
complicated by severe pancreatitis and sepsis, after the primary enucleation of a 
benign insulinoma in the pancreatic head. Postoperative complications occurred in 
51% of the surgically treated patients, the most common complications being 
pancreatic fistula (19%), intra-abdominal abscess (14%), pancreatitis (10%) and 
wound infection (10%). Surgical complications required one or more relaparotomies 
in 3 (4%) of the surgically treated patients. The incidence of pancreatic fistulae 
showed no significant difference between the surgical methods (23% after 
enucleations, 12% after distal resections and 33% after pancreatico-duodenectomies, 
p=0.293). There was also no significant difference in the CD complication grade 
(Clavien et al., 2009; Dindo et al., 2004) between the surgical methods (Table 12, 
p=0.062), between the periods of surgery (1980s, 1990s or 2000s) or  between the 
surgical centres. Based on the information on the diagnosis codes for exocrine 
pancreatic insufficiency in HILMO and the self-reported use of pancreatic enzyme 
preparation (Creon®) in the health questionnaire of the HRQoL study, exocrine 
pancreatic insufficiency developed in 4 (5%) of the surgically treated patients. 
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Among the 71 patients treated with curative-intent surgery, three disease 
progressions and three recurrences occurred, with the 5-, 10- and 15-years disease-
free survival being 94, 93 and 90%, respectively. Two progressions and 2 recurrences 
were due to a metastatic insulinoma. One patient with a non-metastatic insulinoma 
developed a tumour recurrence 10 years after the primary enucleation of a single, 
non-metastatic insulinoma, located in the head of the pancreas. In one patient, the 
tumour could not be localized in the primary surgery, and the symptoms progressed 
despite the blind pancreatico-duodenectomy. A diagnostic angiography was 
performed postoperatively to localize the tumour, but during this angiography, a 
lethal intra-abdominal bleeding developed. 

In addition to the traditional pancreatic surgery, other invasive treatments of 
insulinomas and metastases included a superselective embolization of a branch of 
the gastroduodenal artery, dearterialization and embolization of liver metastases, 
chemoembolization of liver metastases, and resection and thermoablation of liver 
metastases (n=1, each). 

5.5.2 Medical treatment 

Sixty-one (77%) of the insulinoma patients used medical treatment for insulinoma 
either pre- or postoperatively or instead of surgical treatment. The most common 
medications were diazoxide and somatostatin analogues (Table 13). A favourable 
response to diazoxide was documented in 63% of the 30 patients with data available. 

Table 12. Postoperative complications, graded according to the Clavien-Dindo classification 
(Clavien et al., 2009; Dindo et al., 2004), in the 73 insulinoma patients who 
underwent surgical treatment in Finland during 1980–2010 (Peltola et al., 2018). 

Complication 
grade 

Enucleation  
(n=31) 

Distal resection  
(n=33) 

Pancreaticoduodenectomy 
(n=9) 

Total 
(n=73) 

0 15 (48%) 19 (58%) 2 (22%) 36 (49%) 
I 2 (6%) 0 0 2 (3%) 
II 9 (29%) 6 (18%) 2 (22%) 17 (23%) 
III 4 (13%) 6 (18%) 4 (44%) 14 (19%) 
IV 0 1 (3%) 1 (11%) 2 (3%) 
V 1 (3%) 1 (3%) 0 2 (3%) 
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Of the 70 patients with a non-metastatic insulinoma, 48 (69%) used medication prior 
to surgery and one patient (1%) instead of surgery, most commonly diazoxide 
(n=40), or a somatostatin analogue (n=5) or both (n=2). One patient with a non-
metastatic insulinoma was treated with frequent meals only, during the 13 years of 
follow-up. 

In addition to the surgical and medical treatment of insulinomas, two patients 
(3%) received radiation therapy for insulinoma metastases. 

 

5.5.3 Follow-up of insulinoma patients in the University Hospitals 

After the diagnosis of insulinoma, the patients were followed up at the University 
Hospital for a median of 0.9 (0.1–31) years. In the subgroup of patients with a 
curatively treated non-metastatic insulinoma, the median follow-up time at the 
University Hospital was 3.5 months after the surgery. 

Table 13. Medical treatment of 79 insulinoma patients diagnosed in Finland 1980–2010 
(Peltola et al., 2018). 

Medication n (%) 
Diazoxide 50 (63) 
Somatostatin analogue 25 (32) 
Prednisolone or other glucocorticoids 14 (18) 
Intravenous glucose infusion 11 (14) 
Interferon-α 6 (8) 
Streptozotocin-5-fluorouracil 5 (6) 
Streptozotocin 1 (1) 
Diphenylhydantoin 1 (1) 
Doxorubicin-dacarbazine 1 (1) 
Doxorubicin 1 (1) 
Epirubicin 1 (1) 
Sunitinib 1 (1) 
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5.6 Long-term morbidity in insulinoma patients (III) 

The median duration of the whole register-based follow-up of the patients and 
controls between January 1, 1980, and December 31, 2015, was 36 (3–36) years. 
Before the diagnosis of insulinoma, the patients and the controls were followed up 
for a median of 22.7 (0.5–30.8) years. During the pre-diagnosis period, there was no 
statistically significant difference in the endocrine, cardiovascular, gastrointestinal, 
psychiatric or cancer morbidity between the insulinoma patients and their controls, 
matched for age, gender and the place of residence. 

After the diagnosis of insulinoma, the patients were followed up for a median of 
10.7 (0.2–32.6) years and the controls for a median of 12.2 (1.2–35.5) years. 
Regarding endocrine disorders, only the incidence of thyroid disorders [RR 2.76 
(1.00–7.60, p=0.040] was increased among the insulinoma patients vs. controls. The 
cumulative incidence of thyroid disorders increased gradually, starting from the 
diagnosis of insulinoma. After excluding the first post-diagnostic year, however, no 
significant difference was found in the thyroid morbidity of the patients vs. controls. 
Neither the prevalence of diabetes before the diagnosis of insulinoma [4 cases in the 
patients vs. 6 in the controls, OR 2.67 (95% CI 0.75–9.45), p=0.163] nor the 
incidence of diabetes after the diagnosis of insulinoma [8 cases in the patients vs. 22 
in the controls, RR 1.67 (95% CI 0.74–3.75), p=0.210], did significantly differ 
between the patients and the controls. A parathyroid disorder was diagnosed in only 
two patients, one of whom had a confirmed MEN1 syndrome. 

Regarding cardiovascular diseases, only the incidence of atrial fibrillation [RR 2.07 
(1.02–4.22), p=0.039] was significantly increased in the patients vs. controls. The 
cumulative incidence of atrial fibrillation increased gradually after the diagnosis of 
insulinoma in the patients, and after excluding the first post-diagnostic year from the 
analyses, a trend, although not statistically significant, was detected towards an 
increased cumulative incidence of atrial fibrillation also in the long-term follow-up 
of insulinoma patients vs. controls [2.08 (0.98–4.45), p=0.053].  

As for gastrointestinal diseases, including postoperative morbidity, the incidence 
of intestinal obstruction [18.65 (2.09–166.86), p<0.001] and pancreatic diseases 
[12.86 (3.41–48.49), p<0.001] was increased in the patients vs. controls. Intestinal 
obstruction was diagnosed in 5% of the patients who underwent surgical treatment, 
a median of 5.9 years after surgery. The increased incidence of pancreatic diseases 
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was explained by acute postoperative pancreatitis in 5% of the surgically treated 
patients, diagnosed usually within 2 months after surgery. 

Regarding specific cancer types, breast [4.46 (1.29–15.39, p=0.010] and kidney 
cancers (RR not applicable, NA, p<0.001) were diagnosed significantly more often 
in the patients vs. controls. When the MEN1-patients and their controls were 
excluded from the analysis of breast cancer, the difference in the breast cancer 
incidence between the patients vs. controls was no longer statistically significant 
[2.64 (0.63–11.04), p=0.167]. All the kidney cancers occurred in patients with a 
sporadic, non-metastatic insulinoma. 

The overall incidence of mental and behavioural disorders did not significantly 
differ between the patients and the controls [RR 1.52 (95% CI 0.79–2.92), p=0.208)]. 
Similarly, the long-term incidence of dementia did not significantly differ in the 
patients vs. controls [1.28 (0.42–3.90), p=0.658]. 

5.7 Long-term mortality of insulinoma patients (III) 

5.7.1 Overall survival 

Twenty-five (32%) of the insulinoma patients and 63 (20%) of the matched controls 
deceased, during the median follow-up of 10.7 (0.2–32.6) years for the patients vs. 
12.2 (1.2–35.5) years for the controls after the diagnosis of insulinoma, respectively. 
The Kaplan-Meier survival curves of the patients and the controls are shown in 
Figure 2. The overall survival of the patients with a non-metastatic insulinoma did 
not differ from that of matched controls [median 27.5 (95% CI 24.1–30.8) vs. 33.2 
(29.8–36.7) years, respectively, HR 1.5 (0.9–2.6), p=0.128, Cox regression analysis]. 
In the patients with a metastatic insulinoma, the survival was significantly impaired 
[median 3.4 (2.9–4.0) years vs. not reached in the controls, HR 5.1 (1.9–13.3), 
p=0.001, Cox regression analysis]. Still, three of the patients with a metastatic 
insulinoma survived significantly longer: one patient lived 11 years with the disease, 
and two patients were alive at the end of the follow-up, 6 and 30 years after the initial 
diagnosis. 

In addition to the presence of distant metastases, older age [HR 1.05 (95% CI 
1.02–1.08, p=0.001], higher preoperative serum insulin level [1.10 (1.01–1.20), 
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p=0.037, calculated for a 10 mU/l rise in plasma insulin concentration], lack of 
curative-intent surgery [9.86 (3.60–27.00), p<0.001 for no surgery, and 17.01 (3.45–
83.92), p=0.001 for palliative surgery)], tumour size ≥2cm [2.79 (1.19–6.55), 
p=0.018)], need for postoperative medication [3.09 (1.23–7.75), p=0.016)], and the 
occurrence of major surgical complications (grades III–V of the CD classification 
(Clavien et al., 2009; Dindo et al., 2004) [3.06 (1.15–8.12), p=0.025)] were associated 
with impaired overall survival in the univariate Cox regression analyses. After the 
exclusion of surgical deaths (grade V complication, n=2) from the analysis, there was 
no significant association between major (grade III–IV) vs. no or minor (grade 0–II) 
surgical complications and impaired overall survival. 

In multivariate analyses, older age and distant metastases were independent 
predictors of impaired survival in both the whole cohort (Table 14, four patients 
excluded due to missing data regarding tumour size or localization) and in the 
subgroup of surgically treated insulinoma patients (Table 15).  

Figure 2. Overall survival of patients with a non-metastatic insulinoma vs. their controls (p=0.125, 
log-rank test), and of patients with a metastatic insulinoma vs. their controls (p<0.001). 
(Preliminary results were presented at the European Congress of Endocrinology, May 
2021) 
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Table 14. Multivariate Cox regression analysis of factors associated with survival in 75 
patients diagnosed with an insulinoma in Finland 1980–2010. Modified from Peltola 
et al., 2021b. 

 Variable Hazard Ratio 95% CI Significance 
Age at diagnosis 1.05 1.02–1.08 0.003 
Tumour localization (head/neck vs. body/tail) 1.90 0.72–5.03 0.197 
Tumour size (≥ 2 cm vs. < 2 cm) 2.49 0.93–6.65 0.070 
Distant metastases 3.71 1.18–11.67 0.025 

 

Table 15. Multivariate Cox regression analysis of factors associated with survival in 73 
surgically treated insulinoma patients. Modified from Peltola et al., 2021b. 

 Variable Hazard Ratio 95% CI Significance 
Age at surgery 1.08 1.03–1.13 0.001 
Surgical method (reference: enucleation)    
 Distal resection 0.81 0.27–2.44 0.704 
 Pancreatico-duodenectomy 4.07 0.80–20.87 0.092 
Time period of surgery (reference: 1980–1989)    
 1990–1999 1.20 0.35–4.12 0.775 
 2000–2010 0.39 0.09–1.73 0.213 
Distant metastases 4.58 1.29–16.25 0.018 

5.7.2 Causes of death 

Six insulinoma patients died of metastatic insulinoma and three patients with a non-
metastatic insulinoma died due to complications of invasive diagnostics (n=1) or 
surgical treatment of insulinoma (n=2). With these two postoperative deaths that 
occurred in the 73 surgically treated patients, the perioperative mortality rate, defined 
as any death occurring within 30 days after surgery, was 2.7%. 

During the follow-up, 16 patients died due to other than insulinoma-related 
causes, compared to 54 deaths in their controls. When these 16 patients with a non-
insulinoma related cause of death were compared to their controls, no significant 
difference was found in the distribution of the most common causes of death 
[diseases of the circulatory system (50 vs. 44%), cancer (25 vs 22%) and other causes 
(25 vs 33%), respectively, p=0.765]. Similarly, there was no significant difference in 
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the distribution of the causes of death analysed according to the time series 
classification of Statistics Finland (p=0.363). 

5.8 Long-term HRQoL in patients treated for an insulinoma (II) 

In the health questionnaire, 74% of the HRQoL study participants assessed their 
general health as quite good or very good, on a Likert-scale from very bad to very 
good. In insulinoma patients, the mean total 15D score, reflecting the overall 
HRQoL, was significantly higher than in the controls (Figure 3), and the magnitude 
of the mean difference (0.027) was also clinically important (≥0.015) (Alanne et al., 
2015). The slightly better overall HRQoL of insulinoma patients vs. controls was 
explained by the significantly better scores on the dimensions of usual activities, 
moving and eating. The results remained the same, when the analyses were repeated 
with the non-parametric Mann-Whitney U test (data not shown). 

Among the insulinoma patients, older age at survey (r=-0.414, p=0.010), higher 
number of chronic diseases and medications (r=-0.550, p<0.001; r=-0.573, p<0.001, 
respectively), diagnosis of hypertension (mean 15D score 0.898±0.88 vs. 
0.959±0.036 in patients without hypertension, p=0.017) and lower level of education 
(mean 15D score 0.844±0.081 vs. 0950±0.054 in patients with education level high 
school or above, p<0.001) were associated with a significantly lower total 15D score. 
Current BMI was not significantly associated with the total 15D score, but showed 
a negative correlation with scores on the dimensions of moving (r=-0.343, p=0.038) 
and breathing (r=-0.366, p=0.026). On the other hand, gender, cohabiting status or 
the follow-up status of insulinoma (in healthcare follow-up vs. no follow-up due to 
insulinoma) were not significantly associated with the mean total 15D score, nor 
were the age at the diagnosis of insulinoma, duration of symptoms before the 
diagnosis, time since surgical treatment, surgical method (enucleation, distal 
resection or pancreatico-duodenectomy) or occurrence of major, grade III–V 
surgical complications (Clavien et al., 2009; Dindo et al., 2004) (data not shown). 
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Figure 3. The HRQoL profile in 38 patients previously treated for an insulinoma, compared to 4692 
age- and gender-matched controls of the Finnish general population. Adapted from Peltola 
et al., 2021a. *indicates a statistically significant difference (p<0.05) between the groups. 

 



 

 

85 

 

6 DISCUSSION 

6.1 Major findings of this study 

6.1.1 Incidence and clinical picture of insulinomas 

The vast majority of insulinomas were sporadic and non-metastatic, and were 
diagnosed at a mean age of 52 years, with 70% vs. 30% female predominance, which 
is in line with previous studies (Jensen et al., 2012; Maggio et al., 2020; Mehrabi et 
al., 2014). Neuroglycopenic symptoms predominated the clinical picture, and there 
was no significant difference in the clinical presentation between patients diagnosed 
in the 1980s, 1990s and 2000s, nor between patients with a metastatic or a non-
metastatic insulinoma. The incidence of insulinomas increased almost two-fold 
during the study period, from 0.5 in the 1980s to 0.9 cases per million persons per 
year in the 2000s. In line with our findings, previous studies have reported a rising 
incidence for all NENs during the past few decades. The rising incidence of NENs 
may at least partly be due to an improved clinical awareness and diagnostic sensitivity 
(Dasari et al., 2017; Leoncini et al., 2017). 

6.1.2 Biochemical diagnostics of insulinomas 

Regarding biochemical diagnostics, hypoglycaemia had been detected in 97% of the 
patients prior to the diagnosis of insulinoma, either spontaneously or in a fasting 
test. The present study showed a high sensitivity of the prolonged fasting test, 
provoking hyperinsulinaemic hypoglycaemia in over 90% of the insulinoma patients 
within the first 36 hours of fast. Previous literature supports the use of a prolonged 
fasting test in the diagnostics of insulinoma (Cryer et al., 2009; Öberg et al., 2017). 
Recently, Placzkowski et al. reported that the fast can be successfully conducted also 
in an outpatient setting in an increasing number of patients, assuming that the patient 
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is accompanied by a family member and returns to hospital when hypoglycaemic 
symptoms occur or at 22 hours of fast, when the test is continued as an inpatient 
(Placzkowski et al., 2009).  
The diagnostic value of other potential tests that could help avoiding the need for 
long hospital admissions, such as the oral glucose tolerance test (Liao et al., 2021), 
determinations of HbA1c and glycated albumin levels (Torimoto et al., 2019), as well 
as the proinsulin level after an overnight fast (Vezzosi et al., 2017) require further 
investigations. In the present study, a prolonged oral glucose tolerance test was 
performed only in a small minority of patients and was rarely able to confirm the 
diagnosis of hyperinsulinaemic hypoglycaemia. Preoperative HbA1c determinations 
were available for only one-third of the patients and proinsulin levels after an 
overnight fast were not routinely measured during the fasting tests. Continuous 
glucose monitoring was not applied in any of the patients of our cohort. It is, 
however, widely used in patients with diabetes and might be useful in detecting 
hypoglycaemic episodes in patients with an insulinoma suffering from 
hypoglycaemia unawareness, and in evaluating therapeutic responses (Suminaga et 
al., 2020; Munir et al., 2008).  

6.1.3 Preoperative localization of insulinomas 

Considering preoperative tumour localization, the main finding of this study is that 
both the availability and the sensitivity of imaging methods for localizing insulinomas 
in Finland have improved remarkably during the study period. Up to 98% of the 
tumours could be localized preoperatively in the 2000s. The sensitivity of CT and 
MRI, which are considered the first-line imaging methods for localizing insulinomas 
(Falconi et al., 2016), improved remarkably during the study period, reaching a 
sensitivity of 51% and 55%, respectively, in the 2000s. EUS, which is considered a 
second-line imaging method (Falconi et al., 2016), proved to be the most sensitive 
imaging method among insulinomas diagnosed in the 2000s, with a sensitivity of 
82%. The high sensitivity of EUS is in line with previous studies (Mehrabi et al., 
2014; Sotoudehmanesh et al., 2007). In accordance with earlier reports, the sensitivity 
of abdominal US and octreotide scintigraphy remained low, less than 50% (Mehrabi 
et al., 2014; Andreassen et al., 2019). 

The preoperative localization techniques of insulinomas have developed rapidly 
over the past few decades. Recently, especially the imaging with GLP-1-receptor 
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PET/CT has proved to be a promising, highly sensitive method for localizing 
insulinomas, with a sensitivity exceeding 90% (Christ et al., 2020; Falconi et al., 2016; 
Zhao, K. et al., 2020). In this study, we were not able to study the sensitivity of GLP-
1-receptor PET/CT imaging, as this method was not available in Finland during the 
study period. 

6.1.4 Diagnostic delay 

During the study period from 1980s to 2000s, the diagnostic delay from the initial 
symptoms to the diagnosis of insulinoma remained unchanged, with a median delay 
of 13 months. This includes the delay of the insulinoma patients to seek medical 
assistance, and the delay in the health care system to initiate biochemical and 
radiological investigations confirming the diagnosis of insulinoma. As symptoms of 
insulinoma are often nonspecific, diverse and may be controlled by frequent meals 
in the beginning, the patients typically do not immediately seek medical help for their 
symptoms. Due to the rarity of insulinoma, the possibility of this diagnosis often 
remains unnoticed in the healthcare system, which delays the beginning of the 
diagnostic investigations.  

The significance of the delay caused by the healthcare system is underlined by the 
fact that 40% of the insulinoma patients in our cohort were first examined for their 
symptoms in specialities other than endocrinology. Long diagnostic delays of up to 
several years or even decades, as well as cases with misdiagnosis and mistreatment 
of insulinoma patients have also been reported in the literature (Ding et al., 2010; 
Ghannam et al., 2020; Hirshberg et al., 2000; Mehrabi et al., 2014; Service F. J. et al., 
1991). The early suspicion of hypoglycaemia and recognition of the Whipple triad 
are critical steps in the diagnostic path of insulinomas, enabling the shortening of the 
diagnostic delay and avoiding unnecessary investigations in other specialities. The 
determination of blood glucose during the symptoms belongs to the first line 
investigations in patients with unsolved symptomatic attacks (Kallela, 2018).  

6.1.5 Treatment and outcome 

A vast majority of insulinoma patients (90%) underwent curative-intent surgery, and 
89% of them were considered cured and showed no signs of disease progression or 



 

 

88 

 

recurrence during the follow-up. The recurrence rate of 8% was comparable to the 
7.2% reported previously (Mehrabi et al., 2014). The use of preoperative treatment 
with diazoxide or a somatostatin analogue was common, but the medication could 
be discontinued after curative surgery in the patients with a non-metastatic 
insulinoma. Metastatic insulinomas were treated on a case-by-case judgement, with 
a wide spectrum of medications, together with invasive surgical, ablative and 
embolization therapies of the primary tumour and the metastases. 

Postoperative complications occurred in 51% and pancreatic fistulas in 19% of 
the surgically treated patients, which is in line with previous literature (Mehrabi et al., 
2014; Zhao, K. et al., 2012). Complications in pancreatic surgery are common 
(Partelli et al., 2017), and insulinoma patients commonly have risk factors for 
pancreatic fistula, such as soft pancreatic tissue and enucleation of the tumour 
(Mehrabi et al., 2014; Partelli et al., 2017). In our study, the postoperative mortality 
rate of 2.7% was similar to the previously reported 3.7% for open and 0% for 
laparoscopic approach (Mehrabi et al., 2014). To minimize perioperative mortality 
and risk for other complications, the surgical treatment of insulinomas, like all 
pancreatic tumours, should be performed in experienced centres (Ahola et al., 2017; 
Ahola et al., 2019; Ahola et al., 2020; Antila et al., 2019; de Wilde et al., 2012; Partelli 
et al., 2017). 

After the study period, the use of laparoscopic or robot-assisted approach has 
become more common in the surgical treatment of insulinomas. This change is due 
to the comparable long-term results and faster recovery time compared to open 
approach surgery (Partelli et al., 2017; Su et al., 2014). As only two patients of our 
cohort underwent laparoscopic surgery, we were not able to evaluate the short- and 
long-term outcome of insulinoma patients treated with laparoscopic surgery. 

6.1.6 Long-term morbidity in patients diagnosed with an insulinoma 

The most important finding regarding cardiovascular morbidity is the steadily 
increasing incidence of atrial fibrillation in the long-term follow-up of insulinoma 
patients compared to controls. The incidence of atrial fibrillation in insulinoma 
patients has not been studied before and the underlying causes remain unclear. 
Possible explanations include the effect of long-lasting hyperinsulinemia or repeated 
hypoglycaemias, which are both associated with increased risk of cardiac arrhythmias 
and other cardiovascular diseases in patients with diabetes (Ko et al., 2018). Except 
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for atrial fibrillation, the incidence of other cardiovascular diseases did not 
significantly differ between the patients and the controls. For example, the incidence 
of hypertension was similar in patients and controls, which is in line with previous 
studies on insulinoma patients (Leonetti et al., 1993; O'Brien et al., 1993). 

The analysis of endocrine morbidity demonstrated that the incidence of thyroid 
disorders, was significantly increased in insulinoma patients vs. controls during the 
first year after insulinoma diagnosis, but not later on. This may, at least partly, be 
explained by a detection bias caused by the careful examination of these patients by 
endocrinologists, but an actual difference in thyroid morbidity between the patients 
and the controls cannot be ruled out.  Diabetes was diagnosed in 15% of the 
insulinoma patients, either pre- or postoperatively, and the incidence of diabetes did 
not significantly differ from that of the controls. In contrast, a recent study on 28 
insulinoma patients, reported diabetes significantly more often, in 28% of the 
surgically treated patients (Neves et al., 2021). 

Considering gastrointestinal morbidity, the incidence of acute pancreatitis and 
late intestinal obstruction was increased in the insulinoma patients compared to the 
controls. The increased risk for acute pancreatitis is a known complication associated 
with insulinoma surgery, and pancreatic surgery in general (Crippa et al., 2012; 
Mehrabi et al., 2014). The increased incidence of intestinal obstruction has also been 
reported previously after pancreatic and other abdominal surgery (Brown, J. A. et al., 
2020; Norrbom et al., 2019; ten Broek et al., 2013).  

Regarding morbidity due to mental and behavioural disorders, no difference was 
found in the incidence of all psychiatric disorders, nor in the incidence of dementia, 
between the patients and the controls. This was against our hypothesis, as repeated 
episodes of hypoglycaemia, which occur commonly prior to the treatment of 
insulinoma, are known to be associated with cognitive impairment and dementia in 
patients with type 2 diabetes (Sheen & Sheu, 2016). As the incidence of dementia 
increases with age, detecting a possible difference between insulinoma patients and 
controls might, however, require a longer follow-up time. 

This is to our knowledge the first study suggesting an increased incidence of 
breast and kidney cancer in patients previously treated for an insulinoma. Previous 
studies have not thoroughly studied the long-term cancer morbidity in insulinoma 
patients. A previous study on PanNENs reported multiple malignancies in two 
(4.2%) of the 47 insulinoma patients, corresponding to the risk for multiple primary 
malignancies in the general population (Fendrich et al., 2008). In our study, another 
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malignancy was detected significantly more commonly, in 15 (19%) of the 
insulinoma patients, either before or after the diagnosis of insulinoma, during the 
median follow-up of 36 years. Fendrich et al. did not report the median duration of 
follow-up for the subgroup of patients with an insulinoma, but the median follow-
up time of all the 115 patients with sporadic pancreatic endocrine tumours was 105 
months. 

The patients with a MEN1 syndrome are known to have an increased risk for 
breast cancer (Marx, 2018; van Leeuwaarde et al., 2017), and after the exclusion of 
MEN1 patients and their controls from the analyses, no significant difference was 
found in the incidence of breast cancer between the patients and the  controls. All 
the kidney cancers, however, occurred in patients with a sporadic insulinoma. 
Possible explanations for the increased risk of cancer in patients with an insulinoma 
include the effects of hyperinsulinemia as well as eventual, unidentified genetic 
mutations, besides the known mutations in the MEN1 gene, which could increase 
the risk of both insulinoma and additional malignancies (Larouche et al., 2019; 
Matsubayashi et al., 2017; Varshney et al., 2017). The association of hyperinsulinemia 
and an increased risk of many cancers, such as breast cancer, have been reported in 
patients with diabetes or metabolic syndrome (Gallagher & LeRoith, 2020; Kang et 
al., 2018; Solarek et al., 2015), but not in patients with insulinoma. The risk of cancer 
in insulinoma patients may also increase due to the radiation exposure caused by, 
e.g., conventional CT or functional PET/CT imaging, used for preoperative tumour 
localization (Brenner & Hall, 2007; Christ et al., 2020). In addition, renal cell cancers 
are often detected incidentally in connection with radiological imaging for other 
reasons (Barrett et al., 2009; Znaor et al., 2014). Therefore, the effect of a detection 
bias caused by frequent CT scanning due to insulinoma cannot be excluded, though 
it is unlikely in our cohort, as the kidney cancers of the patients were diagnosed as 
late as 2.7–20 years after the diagnosis of insulinoma, when two of the three patients 
were no longer followed up due to their previous insulinoma. As the results regarding 
breast and kidney cancers in insulinoma patients were based on a small number of 
patients, larger studies are needed to verify the increased cancer morbidity of 
insulinoma patients and to clarify the underlying causes. 
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6.1.7 Long-term survival of patients diagnosed with an insulinoma 

In this study, the OS of patients with a non-metastatic insulinoma did not differ from 
that of the general population, but in patients with a metastatic insulinoma, the 
median OS was only 3.4 years. As expected, older age and the presence of distant 
metastases were associated with a significantly decreased survival in multivariate 
analysis, in line with previous studies (Keutgen et al., 2016; Nikfarjam et al., 2008; 
Service F. J. et al., 1991). In univariate analyses, also tumour size over 2 cm, the need 
for preoperative medication and higher preoperative serum insulin concentration 
were associated with significantly impaired survival, but these could not be included 
in the multivariate analyses, because of missing data in several patients. 

Although the median OS of patients with a metastatic insulinoma in our cohort 
was only 3.4 years, it was better than the median OS of less than 2 years reported 
previously for patients with a metastatic insulinoma (Jensen et al 2012). Our result is 
in accordance with a recent study by Veltroni et al., reporting a median OS of 40 
months (3.3 years) among the 31 patients with a metastatic insulinoma (Veltroni et 
al., 2020). In addition, one third of the patients with a metastatic insulinoma in our 
cohort showed a remarkably long survival time of 6–30 years. Previous studies on 
metastatic insulinomas have reported prolonged survival in patients treated with 
debulking surgery of the primary tumour and/or metastases, and with the newer 
methods, such as novel targeted biological therapies (everolimus, sunitinib, 
pasireotide) and PRRT, which were not available for the treatment of most of the 
patients with a metastatic insulinoma in our cohort, diagnosed in 1980–2010 
(Bernard et al., 2013; Brown E. et al., 2018; Tiensuu Janson et al., 2014; Partelli et 
al., 2017; Sada et al., 2020; Veltroni et al., 2020). 

6.1.8 Long-term HRQoL in patients diagnosed with an insulinoma 

Regarding the HRQoL, the main result of this study was that in the long-term follow-
up, the HRQoL in patients previously treated for an insulinoma was similar or even 
better than that of the age- and gender-adjusted general population. The HRQoL 
was measured with the validated 15D instrument (Appendix 1) after a median of 14 
years after the diagnosis of insulinoma, and the patients had significantly better 
scores regarding the overall HRQoL, as well as the dimensions of usual activities, 
moving, and eating, compared to the control population. Among the HRQoL study 
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participants, older age at the survey and the number of chronic diseases and 
medications were the most important factors associated with impaired HRQoL. 
These findings are important, since the long-term HRQoL in insulinoma patients 
has, to our knowledge, not been studied before. 

In line with our results of a good long-term HRQoL in insulinoma patients, 
previous studies have reported similar or better QoL outcomes in patients with a 
curatively treated neuroendocrine or pancreatic neoplasm, compared to the general 
population (Beaumont et al., 2012; Cloyd et al., 2017). Patients with a current,  
uncured GEP-NET, however, often suffer from a decreased HRQoL, due to various 
physical and psychological symptoms (Chau et al., 2013; Jimenez-Fonseca et al., 
2015;  Karppinen et al., 2018; Martini et al., 2016; Sorbye et al., 2020; Topping et al., 
2017). As only two of the HRQoL survey participants in the present study had a 
current, metastatic insulinoma, we could not comprehensively assess the HRQoL in 
this subgroup, nor could we assess the HRQoL in patients with a current, non-
metastatic insulinoma. 

6.2 Strengths and limitations of the study  

6.2.1 Patient records of the Finnish University Hospitals 

In this study, a nationwide cohort of all patients diagnosed with an insulinoma in 
Finland over a 3-decade period was collected for the first time. The patients were 
identified from the patient records of all the five Finnish University Hospitals. The 
diagnosis-based search in the patient records was supplemented by a search in the 
FCR. All potential cases were reviewed separately in the patient records to identify 
the patients with an insulinoma. This nationwide register enabled us to 
comprehensively assess the incidence of insulinomas, as well as the evolving trends 
in the diagnostics and treatment of insulinomas in Finland. Previously, a cohort of 
10 Finnish insulinoma patients has been described in 1974 (Pelkonen et al., 1974), 
and a cohort of 26 patients in 1993 (Ellä et al., 1993).  

Despite this comprehensive search strategy, it is possible that some patients may 
have remained unidentified: For example, according to Finnish legislation, the 
patient record data of patients deceased over 20 years ago may have been destroyed 
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at the University Hospitals, and thus some patients diagnosed with an insulinoma in 
the 1980s may not have been identified. It is also possible that some rare patients 
may have been diagnosed and treated completely in a central hospital and may thus 
have been undetected by the searches in the University Hospitals’ patient records. 
This comprehensive search strategy, however, enabled us to identify a vast majority 
of the patients diagnosed with an insulinoma in Finland during the study period.  

6.2.2 Enrolment of the patients in the HRQoL study 

All the patients diagnosed with an insulinoma in Finland during 1980–2010, and alive 
in September 2017, were invited to participate in the HRQoL study. The response 
rate was high, 75%, and the respondents and non-respondents of the HRQoL survey 
were similar regarding demographic and insulinoma-specific features (age, time since 
diagnosis, gender, type and period of surgery, and occurrence of surgical 
complications), contributing to the highly representative data. 

As a limitation to this study, a metastatic disease was under-represented among 
the participants of the HRQoL survey, reflecting the poor overall survival of patients 
with a metastatic insulinoma. Both patients with a metastatic disease that were alive, 
however, participated in the survey and returned the questionnaires.  

6.2.3 Controls 

The long-term morbidity and mortality of insulinoma patients was compared to that 
of a four-fold number of reference subjects, obtained from the Finnish Population 
Register Centre. The controls were individually matched for age, gender and the 
place of residence of each patient, and they had to be alive at the diagnosis of 
insulinoma of the corresponding patient. The controls for the HRQoL survey came 
from an age- and gender-matched sample of the general population, from the 
National Health 2011 survey (n=4692) (Koskinen et al., 2012). These matched 
reference subjects constituted representative and reliable control populations for the 
analysis of long-term morbidity, mortality and HRQoL in patients previously 
diagnosed with an insulinoma. Due to the limited background information of the 
controls, however, we could not exclude the effect of all potential confounding 
factors, such as a difference in weight between the patients and the controls. 
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6.2.4 Diagnostics and treatment of insulinomas 

The comprehensive data including all the patients diagnosed with an insulinoma over 
a three-decade period, enabled a detailed evaluation of the diagnostics and treatment 
of insulinomas in Finland. The criteria for classifying insulinomas into benign and 
malignant have varied during the study period, and as we were not able to reanalyse 
the original histopathological specimens, and as the current WHO Classification 
considers all NETs malignant by definition (WHO Classification of Tumours 
Editorial Board, 2019), the survival analyses in this study were performed in the 
subgroups of metastatic and non-metastatic insulinomas, based on the presence or 
absence of distant metastases. 

Due to the small number of MEN1-related and metastatic insulinomas, the 
distinctive features in the diagnostics and treatment of these rare patient groups 
could not be comprehensively analysed. As modern genetic, histopathological, and 
molecular diagnostics were not available during the study period, some of the MEN1 
patients may have remained undiagnosed, and we were not able to assess the effects 
of the genetic background or specific molecular features on the prognosis of 
insulinomas and on the eventual comorbidities. Because of the rapid development 
of imaging modalities and surgical treatment methods, we were not able to evaluate 
the sensitivity of the most recent imaging modalities, such as the GLP-1-receptor or 
68Ga-DOTA peptide PET/CT imaging, which were adopted in clinical use only after 
the study period. Neither could we analyse the effect of laparoscopic vs. open surgery 
on the outcome of patients, as only two patients in our cohort underwent a 
laparoscopic operation.  

6.2.5 Morbidity and mortality 

The incidence of cardiovascular, endocrine, gastrointestinal, psychiatric and cancer 
diseases in insulinoma patients compared to controls, was evaluated based on the 
comprehensive data on the diagnoses registered at the HILMO and the FCR. 
Registering diagnoses at hospital discharge is obligatory, contributing to a 
comprehensive, high-quality register well suitable for research purposes (Sund, 
2012). Similarly, all confirmed cancer cases are registered at the FCR, enabling 
reliable analysis of the cancer incidence between the patients and the controls. The 
OS and the causes of death of the patients and the controls could be reliably 
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compared, based on the comprehensive data on the dates and causes of death 
provided by Statistics Finland.  

As a limitation, the National Hospital Discharge Register includes only 
information on the hospital admissions and outpatient visits in the specialized health 
care, and no information was obtained on the eventual diseases diagnosed in the 
primary health care. The specialized health care investigations due to insulinoma may 
have led to some detection bias, especially regarding endocrine disorders during the 
first year after the diagnosis of insulinoma. The detection bias was controlled by 
sensitivity analyses, from which the first year after the diagnosis of insulinoma was 
excluded.  

Due to the retrospective register-based study design we were not able to study 
the potential mechanisms underlying the increased long-term morbidity of 
insulinoma patients. The total burden of hyperinsulinemia and episodes of 
hypoglycaemia in each patient could not be reliably quantified retrospectively. 
Neither were we able to perform any genetic testing, which could have shed light on 
the significance of currently identified or unidentified genetic mutations in the long-
term morbidity of insulinoma patients. These factors need to be studied in future 
prospective studies. 

6.2.6 Assessment of the HRQoL 

The HRQoL of insulinoma patients was assessed with the 15D instrument, which is 
a generic HRQoL instrument with a good sensitivity, validity and reliability (Alanne 
et al., 2015; Sintonen, 2001), and with reference values available from a large, 
representative sample of the general Finnish population (Koskinen et al., 2012). In 
addition to the 15D questionnaire, the HRQoL participants filled in a questionnaire 
on their current health and medication, enabling us to study factors associated with 
the HRQoL in insulinoma patients. The 15D has previously proved to be a sensitive 
instrument for assessing the HRQoL in patients with other endocrine tumours, such 
as small intestine NENs (Karppinen et al., 2018), thyroid carcinomas (Pelttari et al., 
2009), pituitary adenomas (Karppinen et al., 2016; Ritvonen et al., 2015) and primary 
hyperparathyroidism (Ryhänen et al., 2015). 

The use of validated, disease-specific HRQoL instruments has been 
recommended in assessing the quality of life in patients with GEP-NENs (Jimenez-
Fonseca et al., 2015; Martini et al., 2016). An insulinoma-specific HRQoL 
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instrument, including questions assessing the effects of the diverse insulinoma-
specific symptoms on the quality of life, has thus far not been developed (Topping 
et al., 2017). Although there is a clear need for a disease-specific instrument for 
assessing the HRQoL in patients with a current insulinoma (Topping et al., 2017), 
the benefit of such an instrument might have been limited in our study, as all except 
for two of the HRQoL survey participants were considered cured of the insulinoma 
at the time of the survey. 
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7 SUMMARY AND CONCLUSIONS 

Insulinomas are rare insulin-secreting PanNENs, causing repeated episodes of 
hypoglycaemia with diverse neuroglycopenic and autonomic symptoms. The 
incidence of all NENs has increased during the past few decades, at least partly due 
to an improved clinical awareness and developed imaging methods. Insulinomas are 
usually non-metastatic and considered cured after a surgical removal of the tumour. 
The long-lasting hyperinsulinemia and repeated episodes of hypoglycaemia prior to 
the accurate diagnosis and treatment may still have long-term effects on the 
morbidity, HRQoL and mortality of insulinoma patients. Previous data on the long-
term prognosis of insulinoma patients, however, are almost non-existent. 

This study demonstrated that the incidence of insulinomas in Finland has 
increased almost two-fold, from 0.5 in the 1980s to 0.9 cases per million adults per 
year in the 2000s. Neuroglycopenic symptoms predominated the clinical picture, and 
no significant changes were detected in the clinical presentation of insulinomas 
during the study period. The success rates of preoperative imaging improved, and in 
the 2000s, all tumours could be localized preoperatively. The delay from symptoms 
to diagnosis, however, remained stable, with a median of slightly over a year. Of the 
total of 79 patients diagnosed with an insulinoma, only 9 (11%) patients had a 
metastatic disease. 73 (92%) patients underwent curative-intent surgery, with a 5-
year disease-free survival of 94%. 

During the median follow-up of 11 years after the diagnosis of insulinoma, it was 
detected that patients previously diagnosed with and treated for an insulinoma had 
a significantly higher risk for long-term morbidity due to atrial fibrillation, intestinal 
obstruction and possibly breast and kidney cancers. Endocrine disorders and 
pancreatic diseases were diagnosed more commonly in the patients vs. controls 
during the first year after the diagnosis of insulinoma, but not later on. Despite the 
increased long-term morbidity, the overall survival of patients with a non-metastatic 
insulinoma did not significantly differ from that of the general population, whereas 
patients with a metastatic disease had a significantly decreased overall survival, with 
a median of 3.4 years.  
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Regarding the HRQoL, this study demonstrated that a median of 14 years after 
the diagnosis of insulinoma, the HRQoL of patients with a non-metastatic 
insulinoma was similar to or even slightly better than that of age- and gender-
matched controls. In addition to the slightly better overall HRQoL, insulinoma 
patients had better scores on the dimensions of moving, eating and usual activities, 
compared to the controls. Despite the generally good HRQoL in patients with a 
previous insulinoma, however, a higher number of chronic diseases and medications 
were associated with a significantly lower HRQoL. 

In conclusion, the incidence of insulinomas seems to be increasing, and despite 
the probable surgical cure of most insulinomas, the patients are at an increased risk 
of atrial fibrillation, intestinal obstruction and possibly breast and kidney cancers in 
the long term. This is the first study to report increased cardiovascular and cancer 
morbidity among patients previously treated for an insulinoma, and further studies 
are needed to examine the factors resulting in the increased long-term morbidity of 
insulinoma patients. The results of this study indicate that an early diagnosis and 
treatment of insulinoma and eventual comorbidities could be essential in ensuring 
the best possible prognosis and HRQoL in insulinoma patients. In the future, further 
knowledge is needed regarding the determinants of long-term prognosis in 
insulinoma patients, to improve the personalized treatment and follow-up strategies 
of this rare patient group.  
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Abstract

Objective: Insulinomas are rare functional pancreatic neuroendocrine tumours. As previous data on the long-term 
prognosis of insulinoma patients are scarce, we studied the morbidity and mortality in the Finnish insulinoma cohort.
Design: Retrospective cohort study.
Methods: Incidence of endocrine, cardiovascular, gastrointestinal and psychiatric disorders, and cancers was compared 
in all the patients diagnosed with an insulinoma in Finland during 1980–2010 (n = 79, including two patients with 
multiple endocrine neoplasia type 1 syndrome), vs 316 matched controls, using the Mantel–Haenszel method. Overall 
survival was analysed with Kaplan–Meier and Cox regression analyses.
Results: The median length of follow-up was 10.7 years for the patients and 12.2 years for the controls. The long-term 
incidence of atrial fibrillation (rate ratio (RR): 2.07 (95% CI: 1.02–4.22)), intestinal obstruction (18.65 (2.09–166.86)), 
and possibly breast (4.46 (1.29–15.39) and kidney cancers (RR not applicable) was increased among insulinoma 
patients vs controls, P  < 0.05 for all comparisons. Endocrine disorders and pancreatic diseases were more frequent 
in the patients during the first year after insulinoma diagnosis, but not later on. The survival of patients with a non-
metastatic insulinoma (n = 70) was similar to that of controls, but for patients with distant metastases (n = 9), the 
survival was significantly impaired (median 3.4 years).
Conclusions: The long-term prognosis of patients with a non-metastatic insulinoma is similar to the general population, 
except for an increased incidence of atrial fibrillation, intestinal obstruction, and possibly breast and kidney cancers. 
These results need to be confirmed in future studies. Metastatic insulinomas entail a markedly decreased survival.

Introduction

Insulinomas are rare insulin-secreting functional 
pancreatic neuroendocrine tumours, with an estimated 
incidence of 1–4 per million per year (1, 2, 3, 4). They usually 

do not show metastatic behaviour and are considered cured 
after complete surgical removal of the tumour (3, 4, 5).  
On the other hand, disease recurrence occurs in 7% of the 
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surgically treated patients (4), and in patients with distant 
metastases, the median survival has been reported to be 
less than 2 years (2).

Despite the improved diagnostic options, the diagnostic 
delay of insulinomas has remained long, presumably due 
to the rarity of the disease and the nonspecific clinical 
picture, as we have shown in our previous study on all adult 
patients diagnosed with an insulinoma in Finland during 
1980–2010 (6). Because previous data on the long-term 
prognosis of insulinoma patients are scarce, we wanted 
to study the long-term morbidity and mortality in the 
Finnish insulinoma cohort (6).

Subjects and methods

The Finnish insulinoma register consists of all adult 
patients (≥18 years of age) diagnosed with an insulinoma 
in Finland during 1980–2010 (n = 79) (6). For each patient, 
four controls were chosen from the Finnish Population 
Register Centre. The controls had to be equal by age (±6 
months), gender, and the place of residence, and alive at the 
diagnosis of the corresponding patient. The dates of death 
or emigration were provided by the Finnish Population 
Register Centre. Personal identification numbers assigned 
to all Finnish residents were used to link the information 
from the separate registers described below. The register-
based follow-up began on 1 January 1980 and lasted until 31 
December 2015, unless death or emigration occurred first.

The morbidity of insulinoma patients vs controls was 
analysed before and after the diagnosis of insulinoma, 
focusing on five distinct disease groups: endocrine, 
gastrointestinal, cardiovascular, cancer, and psychiatric 
diseases, to evaluate the potential comorbidity and long-
term effects of insulinoma on the development of these 
diseases. Cancer morbidity was evaluated based on the 
cancer diagnoses registered at the Finnish Cancer Registry, 
where Finnish health care organizations statutorily provide 
information on all new cancer cases. Insulinoma-related 
notifications were excluded from the analyses.

Morbidity due to endocrine, cardiovascular, 
gastrointestinal, and psychiatric disorders was evaluated 
on the basis of the diagnoses registered at the National 
Hospital Discharge Register, the Care Register for Health 
Care. This register, maintained by the Finnish Institute 
of Health and Welfare, collects the statutory data on all 
Finnish residents discharged from inpatient care in any 
Finnish hospital since 1969 and on outpatient visits in 
specialized health care since 1998. The diagnoses are coded 
according to the Finnish version of the 10th revision of 

the International Classification of Diseases (ICD-10) since 
1996, ICD-9 during 1987–1995, and ICD-8 during 1980–
1986. These classifications were reviewed, and the diagnoses 
of interest were grouped into corresponding disease 
categories and subcategories (Supplementary Table 1,  
see section on supplementary materials given at the end of 
this article). Both the primary and the secondary diagnoses 
were included in the analyses, and the diagnosis codes for 
hyperinsulinism and hypoglycaemia were excluded from 
the analysis of endocrine disorders.

For the mortality analyses, the causes of death were 
obtained from Statistics Finland, which collects the dates 
and causes of death of all Finnish citizens deceased since 
1971. The causes of death are classified according to the 
ICD, as well as with a national time series classification, 
including 54 categories. In the analyses, we used the 
underlying cause of death, defined as the disease that has 
initiated the series of illnesses directly leading to death.

This study was conducted in accordance with the 
Declaration of Helsinki. The Regional Ethics Committee of 
the Tampere University Hospital catchment area reviewed 
and approved the study protocol. Informed consent was 
waived because of the retrospective, register-based nature 
of the study, and the fact that many of the study subjects 
died before data collection for the study. The Finnish 
Institute for Health and Welfare, the University Hospitals 
of Tampere, Helsinki, Kuopio, Oulu and Turku, Statistics 
Finland, and the Finnish Population Register Centre 
yielded permission for the use of data from their registers. 
Research data are not shared for ethical reasons, to protect 
the anonymity of patients with a rare disease.

Statistical analysis

The analyses were conducted with the IBM SPSS Statistics 
for Windows, Versions 25.0 and 27.0 (IBM Corp.), the STATA 
Statistical Software, Release 13 (StataCorp LP), and the 
OpenEPI Collection of Epidemiologic Calculators, Version 
3.01. The data are presented as mean (s.d.) for normally 
distributed variables, median (minimum–maximum) for 
other numerical variables, and number (%) for categorical 
variables.

In the morbidity analyses, the prevalence of diseases 
diagnosed before the diagnosis of insulinoma was first 
compared between the patients and the controls with 
the Fisher’s exact test and conditional logistic regression. 
Then, the incidence rates of these disease groups after the 
diagnosis of insulinoma were compared by analysing the 
incidence rate ratios (RR) and 95% CIs, using the Mantel–
Haenszel method. Because only the first notification of each 
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disease category per person was included in the analyses, 
the patients with a disease registered before the diagnosis of 
insulinoma were excluded from the incidence calculations 
of that disease category, together with their controls. The 
controls with a given disease diagnosed before the index 
date were excluded from the analyses individually. For 
diseases with a statistically significant difference in the 
patients vs controls, a sensitivity analysis was performed, 
excluding the MEN1 patients and their controls, as well as 
the persons with each disease diagnosed within the first 
year after insulinoma diagnosis, to eliminate detection 
bias. The Bonferroni correction was applied to define the 
level of significance for multiple comparisons.

The overall survival of the patients vs controls was 
compared using Kaplan–Meier analysis with the log-rank 
test. Insulinomas were retrospectively classified according to 
their highest diameter (≥ vs <2 cm) and staged according to 
the most recent TNM classification system (7). Cox regression 
analyses were used to calculate the hazard ratios (HR), to 
identify factors associated with mortality among the patients. 
The distribution of the causes of death was compared with the 
Fisher’s exact test. For the patients who underwent curative-
intent surgery, disease-free survival was calculated from the 
date of primary surgery to the date of disease progression or 
relapse. In the survival analyses, a two-sided P value below 
0.05 was considered statistically significant.

Results

Follow-up data of all the 79 patients and their 316 controls 
were included in the study. The mean age at the insulinoma 
diagnosis was 51.7 (15.6) years in the patients and 51.7 (15.5) 
years in the controls. The median duration of symptoms 
before the diagnosis was 13.0 (0.1–243.5) months. The 
median duration of the register-based follow-up between 1 
January 1980, and the date of diagnosis of insulinoma was 
22.7 (0.5–30.8) years for both the patients and the controls, 
and the median duration of follow-up after the diagnosis of 
insulinoma was 10.7 (0.2–32.6) years for the patients and 12.2 
(1.2–35.5) years for the controls. A metastatic insulinoma was 
detected in nine (11%) patients. Multiple endocrine neoplasia 
type 1 (MEN1) syndrome was diagnosed in two patients, both 
associated with a non-metastatic, solitary insulinoma.

Long-term morbidity

Before the diagnosis of insulinoma, there was no 
statistically significant difference in morbidity between the 
patients and the controls (Supplementary Table 2). After 

the diagnosis of insulinoma, the overall incidence of any 
cardiovascular disease and the incidence of atrial fibrillation 
were increased in the patients vs controls, although the 
increase was not significant after the Bonferroni correction 
(Fig. 1A and Table 1). In the Kaplan–Meier analysis, the 
difference in the cumulative incidence of atrial fibrillation 
in the patients vs controls increased gradually after the 
diagnosis of insulinoma (Fig. 1B). A sensitivity analysis 
excluding the first year after insulinoma diagnosis showed 
a trend towards an increased incidence of atrial fibrillation 
in the insulinoma patients, but this difference was not 
statistically significant (Table 2).

Regarding endocrine morbidity (Fig. 1C), the overall 
incidence of endocrine and thyroid disorders was higher 
in the patients than in the controls (Fig. 1C and Table 1). 
The thyroid diagnoses included hypothyroidism in three 
(4%), hyperthyroidism in two (3%), and goitre in one (1%) 
of the patients, compared to six (2%), two (1%), and two 
(1%) of the controls, respectively. In the Kaplan–Meier 
analysis, the cumulative incidence of thyroid disorders 
in the patients vs controls started to increase right from 
the diagnosis of insulinoma (Fig. 1D). After excluding the 

Figure 1
(A, B, C, D and E) Cumulative incidence of cardiovascular, 
endocrine, and cancer diseases in the patients (solid line) 
diagnosed with an insulinoma Finland during 1980–2010, 
compared with controls (dashed line) matched for age, 
gender, and the place of residence (log-rank test). (A) 
Cardiovascular diseases (P  = 0.048), (B) atrial fibrillation 
(P  = 0.024), (C) endocrine disorders (P  < 0.001), (D) thyroid 
disorders (P = 0.047), (E) cancers (P  = 0.061).
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first post-diagnostic year, no difference was found in the 
incidence of endocrine or thyroid disorders between the 
patients and the controls (Table 2). A parathyroid disorder 
(hyperparathyroidism) was diagnosed in only two (3%) 
patients, one of them having a confirmed MEN1 syndrome.

As for gastrointestinal diagnoses, the incidence of 
pancreatic diseases, and bowel diseases other than IBD, 
hernias, and appendiceal diseases, was increased among 
the insulinoma patients (Table 1). The increased incidence 
of pancreatic diseases was explained by acute pancreatitis, 
usually diagnosed during the first 2 months after the 
primary pancreatic surgery. In the subgroup analysis of 
bowel diseases, the only statistically significant difference 
was an increased incidence of intestinal obstruction, 
diagnosed in 5% of the surgically treated patients, a median 
of 5.9 (2.1–11.3) years after primary pancreatic surgery (RR: 
18.7 (95% CI: 2.1–166.9), P  < 0.001).

The incidence of dementia or all mental and behavioural 
disorders did not significantly differ between the patients 
and the controls (Table 1). Regarding cancer morbidity, 14 
cancers were diagnosed in the patients and 42 in the controls 
(Fig. 1E and Table 3), after the diagnosis of insulinoma. Of 
specific cancer types, the incidence of breast and kidney 
cancers was increased in insulinoma patients vs controls 
(Table 3). After the exclusion of the 2 MEN1 patients and 
their controls, however, no statistically significant increase 
was found in breast cancer incidence (RR 2.64 (0.63–11.04), 
P  = 0.167). The breast cancers occurred 4.7–24.3 years after 
the diagnosis of insulinoma. The three kidney cancers in the 
patients were diagnosed 2.7, 16.9, and 20.5 years after the 
diagnosis of a sporadic, non-metastatic insulinoma. Only 
one of the kidney cancers was detected before the end of 
insulinoma follow-up at the University Hospital.

Long-term survival

With the three disease progressions and three recurrences 
detected in the 71 patients treated with curative-intent 
surgery (6), the 5-, 10-, and 15-years disease-free survival 
rates were 94, 93, and 90%, respectively. During the 
follow-up, 25 (32%) patients and 63 (20%) controls 
deceased. The Kaplan–Meier survival curves of the patients 
with a non-metastatic or a metastatic insulinoma and their 
controls are shown in Fig. 2. In a Cox regression analysis, 
the median overall survival of 27.5 (95% CI: 24.1–30.8) 
years in the patients with a non-metastatic insulinoma did 
not significantly differ from the 33.2 (29.8–36.7) years in 
their controls (HR: 1.5 (0.9–2.6), P  = 0.128). In the patients 
with a metastatic insulinoma, the survival was significantly 
impaired, with a median of 3.4 (2.9–4.0) years vs not Ta
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reached in the controls (HR: 5.1 (1.9–13.3), P  = 0.001). Three 
of the patients with metastatic insulinoma (33%), however, 
showed a remarkably long survival time of 6–30 years.

In univariate analyses, older age, distant metastases, 
tumour size ≥ 2 cm, higher preoperative serum insulin 
concentration, lack of curative-intent surgery, and the 
need for postoperative medication for the insulinoma were 
all associated with a significantly decreased overall survival 
among insulinoma patients (Supplementary Table 3). The 
occurrence of major surgical complications, classified as 
grades III–V of the Clavien–Dindo classification (8, 9),  
was associated with a decreased survival, due to the 
early postoperative mortality. After the exclusion of 
postoperative deaths (grade V complication), no significant 
difference was found in the survival of patients with major 
vs no or minor surgical complications (HR 2.28 (0.77–
6.71), P  = 0.136). The association of laparoscopic vs open 
surgery with survival could not be assessed as only two 
patients underwent laparoscopic insulinoma surgery. In 
the multivariate analyses, older age and distant metastases 
were associated with decreased survival (Table 4 and 
Supplementary Table 4).

Causes of death

Nine of the 25 insulinoma patients who deceased during 
the study period (36%) died due to an insulinoma-related 
cause: 6 patients died of metastatic insulinoma, 2 patients 
died of surgical complications, and 1 patient died due 
to complications of invasive diagnostics, as previously 
described (6). With the two deaths due to surgical 
complications, the perioperative mortality, defined as any 
death occurring within 30 days after surgery, was 2.7%. The 
causes of death of the patients and controls are presented 
in Table 5. During the follow-up, 16 non-insulinoma-
related deaths occurred in the patients and 54 in the 
controls. Of these 16 deaths among the patients, 8 (50%) 
were due to diseases of the circulatory system, 4 (25%) due 
to cancer and 4 (25%) due to other causes, compared to 24 
(44%), 12 (22%) and 18 (33%) in the controls, respectively 
(P  = 0.765). The distribution of the causes of death did not 
significantly differ between the patients and the controls 
(P  = 0.363), analysed according to the national time-series 
classification of Statistics Finland.

Discussion

This study suggests an increased long-term morbidity in 
insulinoma patients, due to atrial fibrillation, intestinal 
obstruction, and possibly breast and kidney cancers. Ta
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Endocrine and pancreatic diseases were more frequent 
within the first year after the diagnosis, likely due to a 
detection bias and the occurrence of short-term surgical 
complications, respectively. Despite the increased long-
term morbidity, the overall survival of patients with non-
metastatic insulinoma is similar to the general population. 
In patients with metastatic insulinoma, the prognosis is 
significantly impaired.

The long-term morbidity due to any cardiovascular 
disease, or due to atrial fibrillation was increased among 
the patients previously diagnosed with an insulinoma. 
The reason for the increased cardiovascular morbidity in 
insulinoma patients is unclear. Previous studies have found 
no association between insulinoma and hypertension  
(10, 11), but the incidence of atrial fibrillation in insulinoma 
patients has, to our knowledge, not been studied before. 
Hypoglycaemia has been shown to induce cardiac 
arrhythmias in persons with diabetes, but the potential 
effect of hypoglycaemia on the cardiovascular morbidity 
of insulinoma patients is unclear (12, 13). Unfortunately, 
the total burden of hyperinsulinaemia and hypoglycaemia 
could not be quantified retrospectively in the present study, 
nor in the previous ones. In our study, the follow-up due to 
insulinoma may have contributed to the early diagnoses of 
atrial fibrillation in the patients as the difference between 
the patients and the controls was no longer statistically 
significant after excluding the first year after diagnosis.

Morbidity due to any endocrine or thyroid disorders 
was increased among the patients during the first year 
after insulinoma diagnosis, but not later on. Although the 
diagnosis codes for hyperinsulinism and hypoglycaemia 
were excluded, the substantial number of other or 
unspecified endocrine disorders diagnosed near the time of 
diagnosis of insulinoma indicates that these codes may have 
been used instead of the specific diagnoses for insulinoma. 
A possible explanation for the increased thyroid morbidity 
is the careful examination and follow-up of these patients 
by endocrinologists, contributing to a prompt diagnosis 
of disorders that may partly remain undiagnosed in the 
general population.

The incidence of acute pancreatitis and intestinal 
obstruction was increased among the insulinoma patients 
vs controls. Most cases of pancreatitis occurred as early 
postoperative complications, with a rate of 10% in the 
surgically treated patients, as described previously (6). 
Intestinal obstruction occurred in 5% of the surgically 
treated patients, likely as a late postoperative complication 
of insulinoma surgery. Previous studies on surgically 
treated insulinomas have mainly focused on short-term 
complications and have not reported the incidence of 

late intestinal obstruction in insulinoma patients. In 
accordance with this study, previous studies have reported 
similar rates of intestinal obstruction after pancreatic and 
other abdominal surgery (14, 15, 16).

Morbidity due to breast and kidney cancers also 
seemed to increase among insulinoma patients. To our 
knowledge, increased incidence of breast or kidney 
cancers in insulinoma patients has not been reported 
before, apart from an increased risk for breast cancer in 
MEN1 patients (17). The breast and kidney cancers of the 
patients were diagnosed 2.7–24.3 years after the diagnosis 
of insulinoma. The MEN1 syndrome explained at least 
part of the increased morbidity due to breast cancer, 
and no statistically significant difference was found in 
the breast cancer incidence of the patients vs controls 
after the exclusion of MEN1 patients from the analysis. 
As renal cancers are often discovered incidentally in 
abdominal imaging (18, 19), we cannot exclude neither a 
true association of kidney cancer with insulinoma nor an 
effect of frequent CT scanning. As these results were based 
on a small number of patients diagnosed with breast or 
kidney cancer, larger studies are needed to confirm these 
preliminary findings.

No significant difference was detected in the incidence 
of dementia or other psychiatric disorders between 
insulinoma patients and controls. The sample size and 
the follow-up time in our study may, however, have 
been insufficient to detect a possible difference. A recent 
prospective study reported cognitive impairment in 18 
of 34 insulinoma patients, measured with the Montreal 
Cognitive Assessment questionnaire prior to the pancreatic 
surgery, with improvement detected in most patients at 1 
year after surgery (20).

Figure 2
(A and B) Survival of the patients diagnosed with a non-
metastatic (A) or a metastatic insulinoma (B) in Finland during 
1980–2010, compared with controls matched for age, gender, 
and the place of residence (log-rank test). (A) Patients with 
non-metastatic insulinoma vs controls (P  = 0.125), (B) patients 
with metastatic insulinoma vs controls (P  < 0.001).
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In the present study, the overall survival of patients 
with non-metastatic insulinoma did not significantly differ 
from the general population. The 10-year survival of 87% for 
non-metastatic and 33% for metastatic insulinomas in this 
study was similar to the 91 and 29%, respectively, reported 
previously (1). Similarly to previous studies, older age and 
metastases were the most important factors associated with 
an impaired survival (1, 21, 22). In fact, recent evidence 
suggests that metastatic and non-metastatic insulinomas 
differ in their origin and pathogenesis and should be 
regarded as two different diseases (23). An increased risk of 
insulinoma recurrence and an impaired survival has been 
reported in MEN1 patients (1). In our study, however, no 
recurrences were detected during the follow-up of the two 
MEN1 patients.

Among the surgically treated insulinoma patients, the 
surgical method or the period of surgery was not associated 
with the overall survival. The postoperative mortality of 
2.7% was slightly lower than the 3.7% reported previously 
for an open approach (4). Except for the postoperative 
deaths, no significant association was found between 
surgical complications and overall survival, which is in line 
with a recent series of 105 surgically managed pancreatic 
neuroendocrine tumour patients (24). A recent study 
of 198 insulinoma patients, however, reported a higher 
reoperation rate after tumour enucleations compared to 
pancreatic resections (25). To minimize the complication 
risks and need for reoperations, the invasive diagnostics 
and surgical treatment of insulinomas, like all pancreatic 

tumours, should be performed in centres with adequate 
expertise (2, 26, 27, 28, 29, 30, 31).

In this study, the median overall survival of 3.4 years 
in patients with a metastatic insulinoma was similar to 
the 40 months (3.3 years) reported recently in 31 patients 
with metastatic insulinomas (32). This is better than the 
median survival of 29 months (2.4 years) reported earlier 
(22). Despite the poor overall survival, one-third of the 
patients with metastatic insulinoma had a remarkably 
long survival time. Previous studies have shown that 
palliative debulking surgery, and newer treatment 
options, such as peptide receptor radionuclide therapy 
and everolimus, may improve survival and relieve 
symptoms in patients with metastatic disease (26, 32, 33, 
34, 35, 36). Because of the small number of metastatic 
insulinomas, we were not able to assess the effect of 
treatment on the survival of patients with metastatic 
insulinoma.

The major strengths of this study are the nationwide, 
unselected study cohort, including all the patients 
diagnosed with an insulinoma in Finland over a 3-decade 
period, and the long-term follow-up data of the patients 
and controls, matched for age, gender, and the place 
of residence. In Finland, it is mandatory to report the 
underlying causes of death to the Population Information 
System, and the hospital discharge diagnoses to the 
National Hospital Discharge Register, contributing to the 
complete, comprehensive, and high-quality data in these 
registers (37, 38).

Table 4 Multivariate analysis of factors associated with mortality among patients diagnosed with an insulinoma in Finland 
during 1980–2010 (n = 75a).

Variable Hazard ratio 95% CI P value

Age at diagnosis 1.05 1.02–1.08 0.003
Tumour localization (head/neck vs body/tail) 1.90 0.72–5.03 0.197
Tumour size (≥2 cm vs <2 cm) 2.49 0.93–6.65 0.070
Distant metastases 3.71 1.18–11.67 0.025

Bold values indicate a statistically significant hazard ratio (P  < 0.05, Cox proportional hazards model).
aFour of the 79 patients in the total cohort were excluded from this multivariate analysis, due to missing data regarding tumour size (n = 4) and 
localization (n = 2).

Table 5 Causes of death of the patients diagnosed with an insulinoma in Finland during 1980–2010 and their control group 
matched for age, gender, and the place of residence. Data are presented as n (%).

Patients (n = 79) Controls (n = 316)

Deaths related to insulinoma 9 (11.4) 0 (0)
 Deaths due to metastatic insulinoma 6 (7.6) 0 (0)
 Deaths due to complications of the invasive diagnostics or pancreatic surgery 3 (3.8) 0 (0)
Deaths due to diseases of the circulatory system 8 (10.1) 29 (9.2)
Deaths due to tumours (other than insulinoma) 4 (5.1) 13 (4.1)
Deaths due to other causes 4 (5.1) 21 (6.6)
Alive at the end of follow-up 54 (68.4) 253 (80.1)
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The relatively small sample size, due to the rarity 
of insulinomas, is the major limitation of this study. In 
addition, the prognosis of the subgroups of patients with 
metastatic, recurrent, or MEN1-related insulinomas could 
not be evaluated comprehensively. Due to the retrospective, 
register-based study design we were not able to specify the 
causative factors of the long-term morbidity in insulinoma 
patients. Another limitation is that the National Hospital 
Discharge Register only includes information on the 
hospital visits in the specialized health care system, which 
may lead to underestimation of the incidence of non-
severe diseases, treated mainly in the primary health care. 
On the other hand, detection bias probably contributed to 
the high incidence of non-severe endocrine disorders near 
the time of diagnosis of insulinoma in the patients.

In conclusion, the long-term prognosis of patients 
with a non-metastatic insulinoma seems to be similar to 
the general population, except for an increased incidence 
of atrial fibrillation, intestinal obstruction, and possibly 
breast and kidney cancers. Metastatic insulinomas are 
rare but generally entail a markedly decreased survival. To 
our knowledge, this is the first study to report findings of 
increased long-term morbidity in insulinoma patients. In 
the future, larger studies are needed to confirm these results.
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