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ABSTRACT

Insulinoma is the most common neuroendocrine tumor of the pancreas. Surgical management 
of insulinomas is considered to be the only curative method. However, effective glycemic control 
preoperatively and in unresectable insulinomas remains a significant issue. Hyperinsulinism, 
occurring as a result of the hormone-secreting tumor, leads to life-threatening hypoglycemia 
episodes which require urgent medical treatment. This article discusses current management 
of hypoglycemia in insulinoma patients, including: education and lifestyle modifications, phar-
macotherapy (diazoxide, somatostatin analogs, mTOR inhibitor – everolimus), cytoreductive 
methods and continuous glucose monitoring systems.
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Introduction 

Insulinoma is a neuroendocrine tumor deriving from 
insulin-secreting pancreatic beta cells. Insulinoma is 
considered to be a rare type of tumor with an incidence 
estimated at 1 to 3 new cases per million persons per 
year occurring mostly between the ages of 41 and 50.1 
However, the incidence rate is likely to be underesti-
mated due to the small size of the insulinomas. Most 
insulinomas are solitary, <2 cm in diameter and are 
equally distributed within the head, body and tail of 
the pancreas.1,2 Only 3% of insulinomas are ectopic, 
of which the duodenal mucosa is the most common 
location. Multiple tumors are relatively rare and usu-
ally associated with the hereditary syndrome known as 

multiple endocrine neoplasia type 1 (MEN-1; 5-10%).2 
Benign insulinomas are found in approximately 90% 
cases, others exhibit malignant characteristics, i.e. 
local invasion into the surrounding soft tissue, lymph 
nodes or liver metastasis. Five-year survival has been 
reported to be at 97% for benign tumors and at 30% 
for malignant neoplasms.3

Clinical manifestations result from endogenous 
hyperinsulinism-related hypoglycemia identified when 
plasma concentrations of glucose are less than 55 mg/
dl in non-diabetic individuals and no greater than 70 
mg/dl in diabetic individuals.4 Patients present with 
neuroglycopenic symptoms (confusion, disorienta-
tion, headache, behavioral and personality changes, 
visual disturbances, seizures and coma) and less often 
with autonomic symptoms caused by catecholamine 
response (diaphoresis, tremor, palpitations, weakness, 
hunger). Precipitating factors in the development 
of hypoglycemia include exercise or fasting. Pres-
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ence of Whipple’s triad (neuroglycopenic symptoms, 
low plasma glucose concentration, prompt relief of 
symptoms following the administration of glucose) 
is considered to be useful in establishing diagnosis; 
however, the 72-h monitored fasting test (together 
with measurement of the levels of plasma glucose, 
insulin, C-peptide and proinsulin) remains the gold 
standard for diagnosis of an insulin-secreting tumor. 
After biochemical confirmation of insulinoma, medi-
cal imaging is recommended.2,5

Surgical management giving the chance of full 
recovery remains the treatment of choice. Its efficacy 
in relieving the symptoms is estimated to be over 
95%. During the perioperative period, in unresect-
able insulinomas or when surgery is contraindicated, 
adequate control of life-threatening hypoglycemia 
attacks is crucial.5 The problem of refractory hypo-
glycemia especially affects patients with malignant 
insulinomas, as tumor progression makes the control 
of severe hypoglycemic episodes challenging. Risk of 
hormone-related death is serious, therefore symptoms 
control remains a priority.6

PREVENTION AND TREATMENT  
OF HYPOGLYCEMIA

Methods aimed at hypoglycemia prevention and 
treatment include patient education (also of their 
family and friends), lifestyle modification, pharma-
cotherapy, cytoreductive therapies and continuous 
glucose monitoring systems. They are summarized 
in Table 1.

General measures that patients suffering from 
hypoglycemia attacks should follow involve eating 
products rich in complex carbohydrates at regular 
intervals. Patients with glycemic fluctuations should 
avoid driving and excessive exercise. It is also recom-
mended that education be provided to the patient’s 
family and friends on recognizing and reacting to 
signs of hypoglycemia. In the event of manifestation 
of symptoms of hypoglycemia, immediate steps to 
restore normal blood glucose level should be under-
taken. In conscious patients who are able to consume 
carbohydrates, 15 to 20 grams of glucose should be 
given every 15 minutes until the hypoglycemia has 
resolved. Carbohydrate-containing juice, soft drinks, 
milk, candy, other snacks or a meal can also be used. 

However, clinical improvement in insulin-induced 
hypoglycemia is usually transient and lasts less than 
2 hours. Therefore, subsequent ingestion of meal 
rich in complex carbohydrates is advised. If the hy-
poglycemic episode is severe and the patient cannot 
ingest carbohydrates, parenteral glucose should be 
administered. Inpatients are given 25 gram boluses of 
50% glucose until the hypoglycemia is managed. In 
order to sustain euglycemia in patients suffering from 
recurrent episodes of hypoglycemia, an infusion of 
10% or 20% glucose may be used. Low blood glucose 
level in outpatients unable to ingest carbohydrates 
can be dealt with via intramuscular injection of 1 mg 
of glucagon.4,7 Depending on the situation, enteral 
nocturnal feeding should be considered, and when 
severe hypoglycemia episodes occur – continuous 
glucose infusion with central venous catheterisation.8

As far as pharmacotherapy is concerned, proper 
treatment selection differs depending on whether the 
tumor is benign or malignant. These methods are 
discussed below. 

DIAZOXIDE

Diazoxide, a benzothiadiazine derivative, is re-
garded as first-line treatment for glycemia control 
in insulinoma patients

 
and is frequently used pre-

operatively when glucose administration fails to 
prevent hypoglycemia or to allow discharge home 
after surgery.8-10 Diazoxide inhibits insulin secretion 
by opening ATP-dependent potassium channels in 
pancreatic beta cells.1,8 In addition, the ability of 
diazoxide to increase hepatic glucose production and 
inhibit glucose uptake has been reported.11

The therapeutic daily dosage in adults is 3-8 mg/
kg divided into two or three equal doses. In refrac-
tory hypoglycemia it may be higher.12 Typical treat-
ment should be initiated with a daily dose of 150 to 
200 mg given in two or three doses per day. Then, 
depending upon the glucose level achieved, an ap-
propriate dosage is applied up to a maximum of 600 
to 800 mg per day.13 A clinically relevant therapeutic 
effect should be achieved in several days. If it is not 
reached within 2-3 weeks, diazoxide treatment should 
be discontinued.12 Diazoxide efficacy in decreasing 
frequency and severity of hypoglycemic attacks is 
estimated to be 50-60%.14,15 Information on the ef-
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fectiveness of treatment available from 39 question-
naires in a national UK survey showed that freedom 
from symptoms was achieved in 23 patients (59%). 
There was occasional hypoglycemia in 15 patients 
(38%). Frequent persistent symptoms during treat-
ment occurred in only one patient.15

Approximately 50% of patients experience ad-
verse effects during therapy.14,15 The most common 
is edema due to water retention.15 Fluid retention is 
dose-dependent and may appear after a few days of 
treatment.10 Edema can be attenuated by thiazide 
diuretics as, apart from their diuretic action, a hy-

Table 1. Methods of management of insulinoma associated hypoglycemia. TAE - trans-arterial embolization, TACE - trans-arterial chem-
oembolization, SIRT - selective internal radiation therapy, PRRT -   peptide receptor radionuclide therapy

Management of insulinoma associated hypoglycemia
In all patients
Education of patient and his/her relatives (recognition and reacting to hypoglycemic symptoms)
Lifestyle modification (frequent meals rich in complex carbohydrates at regular intervals, avoiding driving and excessive exercise)

Treatment of hypoglycemia
Mild hypoglycemia/conscious patients: 15 to 20 grams of glucose or fast-acting carbohydrate meal/drink every 15 minutes until 
restoration of euglycemia, subsequent ingestion of meal rich in complex carbohydrates
Severe hypoglycemia/unconscious patients: 25 gram boluses of 50% glucose every 15 minutes until restoration of euglycemia;  in the 
event of lack of IV access, 1 mg of glucagon i.m. or s.c. 
Recurrent hypoglycemia:  IV infusion of 10% or 20% glucose or enteral nocturnal feeding

Prevention of hypoglycemia
Benign tumors
•	 Diazoxide – 3-8 mg/kg/day in 2-3 doses (start with  

150-200 mg, increase to appropriate dose)
•	 Somatostatin analogs:
	 - �consider using somatostatin receptor scintigraphy to 

choose patients who will benefit most
	 - �start with short-acting s.c. form of octreotide 100-600 

μg/day in 2-4 doses for 2 weeks, continue for 2 weeks 
after the first dose of long-acting form (start with 100-200 
μg, increase to appropriate dose; observe in hospital)

	 - �if response is appropriate, consider long-acting forms: 
octreotide 20-30 mg i.m. every 4 weeks 
or 
lanreotide 30 mg i.m. every 2 weeks or 
lanreotide 60-120 mg s.c. every 4 weeks 

Malignant tumors
•	 Somatostatin analogs:
	 - �consider using somatostatin receptor scintigraphy to choose 

patients who will benefit most
	 - �start with short-acting s.c. form of octreotide 100-600 μg/day 

in 2-4 doses for 2 weeks, continue for 2 weeks after the first 
dose of long-acting form (start with 100-200 μg, increase to 
appropriate dose; observe in hospital)

	 - �if response is appropriate, use long-acting forms: 
octreotide 20-30 mg i.m. every 4 weeks 
or 
lanreotide 30 mg i.m. every 2 weeks or 
lanreotide 60-120 mg s.c. every 4 weeks 

•	 Everolimus – 10 mg/day
	 - �if not well tolerated – use 5 mg/day
	 - �if loss of response – consider discontinuation  

and re-administration
Aim for treatment of choice – surgery Consider cytoreductive methods – debulking surgery, liver metastases 

cytoreductive therapies (TAE, TACE, SIRT), chemotherapy and PRRT

In case of problems in maintaining blood glucose levels –  consider use of continuous glucose monitoring systems.
In rare cases of inefficiency of standard pharmacotherapy and other techniques for hypoglycemia management – carefully consider 
use of other hypoglycemic drugs – glucocorticoids, beta blockers, phenytoin or calcium channel inhibitors.

perglycemic effect of thiazide diuretics has been 
described.1,8,15 Other frequent side effects include 
hirsutism, weight gain, nausea, emesis, diarrhea, 
abdominal pain, headache and rash.14-16 In order to 
reduce nausea, patients are advised to take diazoxide 
with a meal.13 Palpitation and renal malfunction have 
also been noted.8,9 Any adverse effects that occur are 
generally not troublesome and the potential thera-
peutic benefits outweigh possible side effects.14,15 In 
a national UK survey, side effects did not require 
interruption or modification of dosage.15 Long-term 
treatment appears to be safe. In the aforementioned 
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UK survey, duration of treatment among 37 patients 
was 7 years (ranging from 1 to 22 years) and 11 pa-
tients (30%) had been taking diazoxide for over 10 
years.15 In another review patients had been treated 
with diazoxide for more than 20 years.17 

Diazoxide is fetotoxic in animals and therefore 
contraindicated during pregnancy, unless the maternal 
hypoglycemia is life-threatening to the fetus. There 
is no evidence of transmission to breast milk.10 It has 
been reported that somatostatin analogs may inhibit 
the hyperglycemic effect of diazoxide, thus simulta-
neous usage is not recommended.8

SOMATOSTATIN ANALOGS

Somatostatin analogs (octreotide, lanreotide) are 
considered second-line treatment for controlling the 
symptoms of hypoglycemia in patients with insulino-
mas. This method is used in patients with endogenous 
hyperinsulinism who are not eligible for surgery and 
when diazoxide is not applicable due to its inefficiency 
or adverse effects. Therefore, somatostatin analogs are 
not usually applied in benign cases where hypoglycemia 
can be successfully managed with meals and diazoxide 
before surgery.8,14 Because of antiproliferative and 
moderate antineoplastic effect activity,3,8 somatostatin 
analogs may be considered first-line treatment in 
malignant insulinomas.8 Somatostatin is a peptide 
hormone which inhibits the motility and secretion 
of hormones (insulin, glucagon, secretin, VIP) in 
the digestive tract. In clinical practice, somatostatin 
analogs, octreotide and lanreotide are used instead of 
somatostatin due to their action being stronger than 
somatostatin, their longer half-life, the possibility of 
subcutaneous and intramuscular administration and 
absence of rebound hypersecretion.18

Somatostatin and its analogs exert their hypogly-
cemic effects by activation of somatostatin receptors 
(SST), leading to suppression of the insulin secretion. 
Analogs have a strong affinity for SST2 and SST5 
and a lower affinity for SST3 receptors.18,19 The hy-
perglycemic effect of somatostatin and its analogs 
results mainly from activation of the SST2 receptors, 
therefore it can occur only in insulinoma tumors in 
which they are expressed.8 However, if the islets have 
a low expression of SST2, SST3 and SST5 receptors 
(or do not express them at all), somatostatin analogs 

can paradoxically lead to lower blood glucose by 
inhibition of glucagon secretion.1,8

Selection of patients who may benefit from soma-
tostatin analogs administration should be based on 
positive somatostatin receptor scintigraphy known 
as OctreoScan.19 This method includes intravenous 
administration of octreotide containing pentetreotide 
labeled with radioactive indium (111In). In order to 
improve the detection rate of lesions, it is advisable 
to use single photon emission computed tomography 
(SPECT) concomitantly.20 It should be pointed out that 
OctreoScan visualizes insulinomas that bear SST2 or 
SST5 receptors.19 Therefore, malignant insulinomas, 
which often express these receptors, show positive 
somatostatin receptor scintigraphy in 73% of cases, 
while benign tumors are imaged in only 20-50% of 
patients.21,22

The most frequently observed adverse effects 
during therapy with somatostatin analogs include 
nausea, abdominal discomfort, diarrhea, flatulence 
and steatorrhea.18,19 These effects appear within a few 
hours after the first injection of the drug, while their 
intensity is dose-dependent and usually disappears 
within the first 10-14 days of therapy.18 It was also 
demonstrated that long-term (>1 month) treatment with 
somatostatin analogs is associated with an increased 
risk of gall stones or gallbladder sludge (20-50% of 
patients).18,19

In order to eliminate the abovementioned para-
doxical hypoglycemia and to assess the tolerability 
of adverse effects from the gastrointestinal tract, 
treatment should be initiated via administration of the 
subcutaneous form of a short-acting drug combined 
with an observation stay of the patient in hospital.1,3,8 
Administration of 100-600 μg short-acting octreo-
tide per day subcutaneously for the first 2 weeks is 
recommended. Subsequently, short-acting octreotide 
should be continued for another 2 weeks after the first 
dose of long-acting therapeutics is given (starting 
with 100-200 μg and increasing to the appropriate 
dose).23 After achieving the desired response to the 
initial application of long-acting somatostatin analog, 
treatment is continued every two weeks (lanreotide 
30 mg i.m.) or every month (20-30 mg i.m. octreotide 
and lanreotide 60-120 mg s.c.). The therapeutic effect 
is achieved after two weeks. Short-acting subcuta-
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neously administered therapeutics can also be used 
in the course of long-term treatment as “rescue” 
injections in the case of exacerbated hypoglycemic 
symptoms.19 In elderly patients and patients with renal 
impairment, prolongation of elimination half-life of 
the drug is observed, therefore dose adjustments may 
be necessary.24

It is estimated that long-acting therapeutics are 
effective in controlling the hypoglycemic symptoms 
in 35-50% of patients.5 Long-term use of somatostatin 
analogs is limited by the development of tachyphy-
laxis.25 After a few weeks or months of treatment, 
insulin secretion increases and symptoms of hypo-
glycemia worsen. Initially, the therapeutic effect can 
be maintained by increasing the dose, but eventually 
octreotide and lanreotide lose their effectiveness in 
all patients. Tumor cell loss of sensitivity to somato-
statin analogs may be related to the growth of cancer 
cell clones not expressing the SST receptors.18 In the 
absence of efficacy, somatostatin analogs should be 
discontinued because no benefits of combining these 
drugs with diazoxide have been observed.8

In cases of hypoglycemia not responding to oc-
treotide or lanreotide, use of the second generation 
somatostatin analog pasireotide may be considered, as 
it has been reported to be more effective.26 Although it 
is not registered for use in pancreatic NET, it displays 
a high affinity for SSTR1, SSTR2, SSTR3 and most 
importantly SSTR5 (up to 30-40% better compared 
with octreotide), which in particular is expressed in 
malignant insulinomas.27,28

EVEROLIMUS

Everolimus is the newest drug approved, in 2011, 
both by the US Food and Drug Administration and 
European Medicines Agency, for the treatment of 
well-differentiated and moderately differentiated non-
operable pancreatic neuroendocrine tumors (NET) or 
metastatic pancreatic NET. Everolimus belongs to 
the group of mTOR inhibitors. mTOR inhibitors are 
drugs blocking the intracellular protein kinase mTOR, 
which is a component of signaling pathways regulating 
cell survival and growth, as well as angiogenesis.29 
Because of mTOR inhibitors’ basic function, they are 
used as immunosuppressive agents in patients after 
transplantation and, due to their anti-proliferative 

activity, in invasive cardiology in coronary stents and 
in oncology as anticancer agents, including treatment 
of NET.30

In two randomized clinical studies everolimus was 
shown to be effective in the treatment of advanced 
pancreatic NET. In phase II of the RADIANT study, 
after 3 months, 77% of patients receiving everolimus 
displayed improvement or stabilization of disease.31 

In phase III of the RADIANT study, patients receiv-
ing everolimus demonstrated a reduction in tumor 
progression (assessed radiographically) by as much 
as 65% compared to the placebo group and reduc-
tion in tumor size in 64% of patients in the treatment 
group.29 One of the most common adverse effects 
observed (in about 13% of patients) was hypergly-
cemia. The observed hyperglycemia, which in other 
applications was an adverse effect, became the basis 
for attempts to use this drug for controlling symp-
toms of insulinoma. Though the RADIANT studies 
included mostly non-functional pancreatic NET and 
there were only a few cases of insulinoma, the French 
group retrospectively analyzed insulinoma cases and 
noted the added benefit of improved glycemic control 
in 11 out of the12 patients treated with everolimus.32 
There have been no other clinical studies but the ef-
fectiveness of everolimus in preventing hypoglycemia 
in patients with insulinoma was confirmed in many 
case reports.33-41 They are summarized in Table 2.

The efficiency of everolimus in normalization of 
glucose levels may be explained only partially by its 
effect on tumor regression, as it was also observed 
in patients with no evidence of an antitumor effect 
of the drug.32-36,39 Several possible mechanisms of 
everolimus hyperglycemic activity have been proposed. 
Everolimus may reduce production and secretion of 
insulin33 due to mTOR inhibition downstream of insulin 
receptors36 as well as through mTORC2 and alteration 
of Akt signaling.42 Everolimus also increases periph-
eral insulin resistance by downregulation of glucose 
transporter 1 (GLUT1) by reduced transcription and 
translation of GLUT1 to the plasma membrane due 
to Akt-inhibition as a result of reduced mTORC2 
formation.33 Moreover, an increase of hepatic gluco-
neogenesis by everolimus is possible due to inducing 
transcriptional activation of gluconeogenic genes via 
the coordinated activation of PGC-1, CRTC2, CREB 
and FoxO1.43
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Table 2. Case reports of everolimus treatment in patients with insulinoma. M - male, F - female, mo - months.
Study Age, sex Previous hyperglycemic treatment Glycemic effect Tumor response
Kulke et al (2009)36 57, F Octreotide, diazoxide, 

dexamethasone, frequent meals, 
nocturnal infusions

Normalization of glucose level; 
discontinuation of diazoxide and 

nocturnal infusions

Partial response 
for 16 mo

40, F Octreotide, diazoxide, glucose 
tablets

Normalization of glucose level; 
discontinuation of diazoxide and 

glucose tablets

Partial response 
for 29 mo

22, F Octreotide, diazoxide Normalization of glucose level; 
discontinuation of diazoxide

Stable disease for 
>6 mo

66, M Nocturnal dextrose infusion Normalization of glucose level; 
discontinuation of nocturnal dextrose 

infusions

Stable disease for 
>6 mo

Ong et al (2010)37 64, M Diazoxide, prednisolone. octreotide, 
continuous dextrose infusion

Normalization of glucose level; 
discontinuation of diazoxide, 

prednisone, octreotide and continuous 
dextrose infusion

Partial response 
for 7 mo

Fiebrich et al 
(2011)33

60, M Frequent meals, octreotide, glucose 
infusions

Normalization of glucose level; 
discontinuation of glucose infusions

Partial response 
for 8 mo

75, F Frequent meals, octreotide Normalization of glucose level Partial response 
for 8 mo

55, M Frequent meals, octreotide, glucose 
infusions

Normalization of glucose level; 
discontinuation of glucose infusions

Stable disease for 
5 mo

Ferrer-García et al 
(2011)39

78, M Diazoxide, dexamethasone, 
octreotide

Normalization of glucose level; 
discontinuation of dexamethasone

Stable disease for 
6 mo

Bozkirli et al 
(2013)38

61, F Octreotide, continuous  dextrose 
infusion

Normalization of glucose level, 
discontinuation of continuous dextrose 

infusion and octerotide

Partial response 
for 2 mo

Asayama et al 
(2014)34

57, F Octreotide, diazoxide, nocturnal 
glucose infusion

Normalization of glucose level; 
discontinuation of glucose infusion, 

diazoxide and octerotide

Stable disease for 
>12 mo

Baratelli et al 
(2014)35

60, M Glucose infusions, prednisone, 
diazoxide, octreotide, recombinant 

glucagon on demand, frequent 
meals, nocturnal infusions

Normalization of glucose level; 
discontinuation of glucose infusions, 
prednisone, diazoxide,  recombinant 

glucagon

Stable disease for 
16 mo

Nahmias et al 
(2015)40

45, F No previous treatment Normalization of glucose level Partial response 
for 18 mo

63, M No previous treatment Normalization of glucose level No information
66, M No previous treatment No effect No information

Dubey and 
Viswanath (2016)41

58, F Dextrose infusions, octreotide Normalization of glucose level;  
discontinuation of dextrose infusions

No information
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Everolimus is administered at a dose of 10 mg per 
day in patients with insulinoma.29 A clinical effect 
may be achieved quickly, within 2 weeks of everoli-
mus treatment.33,34,37,38,41 After some time of treatment 
everolimus may lose its therapeutic effect, but the 
efficiency loss is probably only transitory: in one 
study, after discontinuation of the everolimus therapy 
and re-administration of the drug, an improvement in 
glycemic control was observed.35 Everolimus adverse 
effects include stomatitis, mouth ulcers, rash, diar-
rhea, fatigue, infections (mostly upper respiratory 
tract) and complete blood count abnormalities in the 
form of mild neutropenia and anemia.29 In the case 
of serious adverse events, reduction of the dose to 5 
mg/day may be considered, as everolimus also shows 
clinical effectiveness at lower doses; in some cases 
no recurrence of hypoglycemia was observed after 
dose reduction.32,34,37,39

OTHER PHARMACOLOGICAL METHODS

Drugs known to have hyperglycemic adverse effects 
were used before the introduction of newer pharma-
cological methods for the treatment of hypoglycemia 
in insulinoma patients. For instance, treatments with 
glucocorticoids, beta blockers, calcium channel block-
ers and phenytoin were attempted, though none of 
them were routinely applied in insulinoma patients.

Glucocorticoids are known to participate in the 
regulation of carbohydrate balance. They raise the 
blood glucose level by increasing insulin resistance, 
stimulating gluconeogenesis, decreasing glucose uptake 
and inhibiting synthesis of insulin. The most frequently 
used drug of this group in patients with insulinoma 
was prednisone.44-46 However, glucocorticoids have 
never attained a broader application in the treatment 
of hypoglycemia due to its wide range of adverse ef-
fects (including hypertension, osteoporosis, edema, 
increased susceptibility to infections). Today, the 
simultaneous use of glucocorticoids and everolimus 
is contraindicated.

The hyperglycemic effect of beta blockers, which 
are frequently used cardiac drugs, has not been fully 
explained. Beta blockers decrease insulin sensitivity 
probably due to their impact on pancreatic beta cells 
and on peripheral insulin sensitivity. Most treatment 
approaches in insulinoma patients were made using 

propranolol at a dose of up to 240 mg.47-49 Although 
beta blockers are usually well tolerated (the most 
common adverse effects include bradycardia, atrio-
ventricular conduction disturbances, hypotonia), they 
never demonstrated sufficient hyperglycemic efficacy.

Phenytoin, mostly used as an anticonvulsant, can 
decrease insulin secretion by sodium channels inhi-
bition, decrease of calcium ions influx and calcium-
calmoduline complex inhibition. Therefore, phenytoin 
(at a dose of 300-800 mg per day) was attempted in 
several cases to treat hypoglycemia in patients with 
insulinoma.50-52 With reported mixed effectiveness 
and a large number of adverse effects (including neu-
rological disorders such as nystagmus, somnolence, 
impaired speech and motor coordination, ataxia or 
polyneuropathy), phenytoin never found clinical ap-
plication in insulinomas.

Calcium channel blockers (CCBs), a group of drugs 
commonly used in cardiology, are able to decrease 
insulin secretion (despite the fact that in long-term 
usage they do not affect the carbohydrate balance of 
patients). Application of this feature was attempted 
in the treatment of hypoglycemia in patients with 
insulinoma by administration of verapamil at a dose 
of 80 mg per day.53-55 The efficacy of CCBs in treating 
hypoglycemia is questionable. 

The clinical usefulness of the aforementioned 
drugs in the treatment of hypoglycemia in patients 
with insulinoma is doubtful because of the negative 
efficiency to adverse effects ratio. Their application 
may be carefully considered in rare cases of ineffi-
ciency of standard pharmacotherapy or in insulinoma 
patients with comorbidities requiring their usage.

CONTINUOUS GLUCOSE MONITORING 
SYSTEMS

Continuous glucose monitoring systems (CGMS) 
may be considered useful in the treatment of chal-
lenging hypoglycemic episodes, e.g. in patients with 
unawareness of hypoglycemic episodes or in cases of 
problems in maintaining blood glucose. In CGMS, the 
glucose level is monitored indirectly by measuring 
the level of hydrogen peroxide that is formed by the 
reaction between glucose, oxygen and water catalized 
by the glucose oxydase enzyme.56 The most advanced 
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systems are connected to an infusion pump automati-
cally administering, depending on the need, the right 
amount of insulin or glucose.3 The usefulness of CGMS 
in enabling detection of hypoglycemia episodes and 
in monitoring the effectiveness of applied treatment 
was reported in a few cases.57-60 Unfortunately, CGMS 
clinical use is limited due to its high cost and low 
availability and the several technical issues they still 
exhibit (requirement of frequent calibration and not 
always accurate measurement of glucose levels).56

SURGICAL AND CYTOREDUCTIVE METHODS 

The management of malignant insulinomas is a 
serious challenge for clinicians and the use solely 
of pharmacotherapy may not be sufficient. In order 
to improve glycemic control, a decrease in hormo-
nal secretion can be achieved by applying invasive 
methods, i.e. debulking surgery and liver metastases 
cytoreductive therapy (TAE, TACE, SIRT). Chemo-
therapy and peptide receptor radionuclide therapy 
(PRRT) are also considered important therapeutic 
options.6,61

Cytoreductive surgery in advanced malignant insu-
linoma contributes to improved glycemic control and 
renders systemic therapy more effective. Therefore, 
palliative surgery to remove or debulk the primary 
tumor is recommended. However, there are some 
restrictions involved: location and extension into 
surrounding tissues must be evaluated accurately, 
the mesenteric artery cannot be invaded and at least 
90% resection of the tumor is required to achieve a 
decrease in hormonal hypersecretion.8,62 In certain 
cases of severe hypoglycemia, less extensive surgery 
is performed, resecting 60-70% of liver metastases. 
The benefits, however, remain undetermined.8

If liver tumor bulk cannot be dealt with via surgery, 
there are minimally invasive locoregional approaches 
to be considered. Liver metastases cytoreductive 
therapy options include trans-arterial embolization 
(TAE), trans-arterial chemoembolization (TACE) 
and selective internal radiation therapy (SIRT).63 As 
far as TAE and TACE are concerned, tumor response 
rates in pNETs range from 35% to 80%. Symptomatic 
response is reported to be 70-100% with a median 
progression-free survival rate of 10-30 months and 

overall survival of 20-36 months.64 SIRT studies re-
vealed 1-year stable disease in 60-67% and primary 
relief in symptoms in approximately 80% of patients.65

Peptide receptor radionuclide therapy applies soma-
tostatin analogs coupled with β-emitting radionuclides 
yttrium (90Y) and lutetium (177Lu). Subsequently, they 
are internalized within neuroendocrine cells after their 
binding to the SSTR.8 PRRT has been described as a 
valuable method in the case of refractory hypoglyce-
mia due to malignant insulinoma.6,8,66 However, this 
option requires more investigation, as serious side 
effects are observed.66

Chemotherapy has been described as an important 
method to be applied in pNETs. Administration of 
streptozocine combined with 5-fluorouracil (FU) 
and/or doxorubicin resulted in objective response 
in 6-70% of patients with pNETs. However, these 
surveys are limited, as the evaluation of the effects 
of chemotherapy on patients with all types of pNETs 
were investigated, while precise data on insulinomas 
are lacking.6

CONCLUSION

Insulinoma, as a hormonally active tumor, can cause 
diagnostic and therapeutic difficulties for physicians. 
Due to life-threatening hypoglycemia episodes, one of 
the biggest challenges in treating patients with insu-
linoma is maintaining the correct glucose blood levels. 
Fortunately, in recent years expansion of therapeutic 
possibilities to control glycemia have been achieved. 
These possibilities include education and lifestyle 
modification of patients, pharmacotherapy, cytore-
ductive methods and the use of continuous glucose 
monitoring systems. In this study we have described 
a wide range of therapeutic methods, thereby propos-
ing strategies to apply the most individualized and 
effective procedures for the patient, which increase 
the potential to extend and improve the quality of life 
of patients with insulinoma.

Founding

This research received no specific grant from any 
funding agency in the public, commercial or not-for-
profit sectors.



Glycemic control in patients with insulinoma	 497   

Conflict of interest

The authors declare that they have no conflict of 
interest.

REFERENCES
1.	de Herder WW, van Schaik E, Kwekkeboom D, Feelders 

RA, 2011 New therapeutic options for metastatic malig-
nant insulinomas. Clin Endocrinol (Oxf) 75: 277-284. 

2.	Ellison TA, Edil BH, 2012 The current management of 
pancreatic neuroendocrine tumors. Adv Surg 46: 283-296. 

3.	Okabayashi T, Shima Y, Sumiyoshi T, et al, 2013 Di-
agnosis and management of insulinoma. World J Gas-
troenterol 19: 829-837. 

4.	Cryer PE, Axelrod L, Grossman AB, et al, 2009 Evalua-
tion and management of adult hypoglycemic disorders: 
an Endocrine Society Clinical Practice Guideline. J Clin 
Endocrinol Metab 94: 709-728. 

5.	Ito T, Igarashi H, Jensen RT, 2012 Pancreatic neuroen-
docrine tumors: clinical features, diagnosis and medical 
treatment: advances. Best Pract Res Clin Gastroenterol 
26: 737-753. 

6.	Davi MV, Pia A, Guarnotta V, et al, 2016 The treatment 
of hyperinsulinemic hypoglycaemia in adults: an update.  
J Endocrinol Invest 40: 9-20. 

7.	Desimone ME, Weinstock RS, 2016 Non-Diabetic Hy-
poglycemia. Endotext [Internet]. 

8.	Baudin E, Caron P, Lombard-Bohas C, et al, 2013 Malig-
nant insulinoma: recommendations for characterisation 
and treatment. Ann Endocrinol (Paris) 74: 523-533. 

9.	Jensen RT, Cadiot G, Brandi ML, et al, 2012 ENETS 
consensus guidelines for the management of patients 
with digestive neuroendocrine neoplasms: functional 
pancreatic endocrine tumor syndromes. Neuroendo-
crinology 95: 98-119. 

10.	Tabarin A, Goichot B, 2013 Treatment: symptomatic 
treatment of hypoglycaemia. Ann Endocrinol (Paris) 
74: 196-199. 

11.	Altszuler N, Moraru E, Hampshire J, 1977 On the 
mechanism of diazoxide-induced hyperglycemia. Dia-
betes 26: 931-935. 

12.	Proglycem – product monograph from Merck Canada 
Inc http://www.merck.ca/assets/en/pdf/products/PRO-
GLYCEM-PM_E.pdf

13.	Oberg K, 2010 Pancreatic Endocrine Tumors. Semin 
Oncol 37: 594-618.

14.	Goode PN, Farndon JR, Anderson J, Johnston ID, Morte 
JA, 1986 Diazoxide in the management of patients with 
insulinoma. World J Surg 10: 586-592. 

15.	Gill GV, Rauf O, MacFarlane IA, 1997 Diazoxide treat-
ment for insulinoma: a national UK survey. Postgrad 
Med J 73: 640-641. 

16.	Ferrer-García JC, Iranzo González-Cruz V, Navas-
DeSolís S, et al, 2013 Management of malignant insu-
linoma. Clin Transl Oncol 15: 725-731. 

17.	Hirshberg B, Cochran C, Skarulis MC et al, 2005 Malig-
nant insulinoma: spectrum of unusual clinical features. 
Cancer 104: 264-272.

18.	Lamberts SW, van der Lely AJ, de Herder WW, Hofland 
LJ, 1996 Octreotide. N Engl J Med 334: 246-254. 

19.	Oberg K, Kvols L, Caplin M, et al, 2004 Consensus report 
on the use of somatostatin analogs for the management 
of neuroendocrine tumors of the gastroenteropancreatic 
system. Ann Oncol 15: 966-973. 

20.	Ito T, Hijioka S, Masui T, et al, 2016 Advances in the 
diagnosis and treatment of pancreatic neuroendocrine 
neoplasms in Japan. J Gastroenterol 52: 9-18.

21.	Wild D, Christ E, Caplin ME, et al, 2011 Glucagon-like 
peptide-1 versus somatostatin receptor targeting reveals 
2 distinct forms of malignant insulinomas. J Nucl Med 
52: 1073-1078. 

22.	Iglesias P, Díez JJ, 2014 Management of endocrine dis-
ease: a clinical update on tumor-induced hypoglycemia.  
Eur J Endocrinol 170: R147-157.

23.	The Conversion of Short Acting Octreotide to Long 
Acting Lanreotide. Retrieved 07.11.2016 from https://
olh.ie/wp-content/uploads/2014/09/The-Conversion-of-
Short-Acting-Octreotide-to-Long-Acting-Lanreotide.pdf

24.	Oberg K, Ferone D, Kaltsas G, et al, 2009 ENETS 
Consensus Guidelines for the Standards of Care in 
Neuroendocrine Tumors: biotherapy. Neuroendocrinol-
ogy 90: 209-213. 

25.	Oberg K, Eriksson B, 2005 Endocrine tumours of the 
pancreas. Best Pract Res Clin Gastroenterol 19: 753-781. 

26.	Tirosh A, Stemmer SM, Solomonov E, et al, 2016 Pa-
sireotide for malignant insulinoma. Hormones (Athens) 
15: 271-276. 

27.	Bruns C, Lewis I, Briner U, Meno-Tetang G, Weckbecker 
G, 2002 SOM230: a novel somatostatin peptidomimetic 
with broad somatotropin release inhibiting factor (SRIF) 
receptor binding and a unique antisecretory profile. Eur 
J Endocrinol 146: 707-716.

28.	Portela-Gomes GM, Stridsberg M, Grimelius L, Ror-
stad O, Janson ET, 2007 Differential expression of the 
five somatostatin receptor subtypes in human benign 
and malignant insulinomas - predominance of receptor 
subtype 4. Endocr Pathol 18: 79-85.

29.	Yao JC, Lombard-Bohas C, Baudin E, et al, 2010 Daily 
oral everolimus activity in patients with metastatic pan-
creatic neuroendocrine tumors after failure of cytotoxic 
chemotherapy: a phase II trial. J Clin Oncol 28: 69-76. 

30.	FDA Approval for everolimus. https://www.cancer.gov/
about-cancer/treatment/drugs/fda-everolimus

31.	Yao JC, Shah MH, Ito T, et al, 2011 RAD001 in Advanced 
Neuroendocrine Tumors, Third Trial (RADIANT-3) 
Study Group. Everolimus for advanced pancreatic neu-
roendocrine tumors. N Engl J Med 364: 514-523. 

32.	Bernard V, Lombard-Bohas C, Taquet MC, et al, 2013 
Efficacy of everolimus in patients with metastatic insu-
linoma and refractory hypoglycemia. Eur J Endocrinol 
168: 665-674. 



498	 A. Matej ET AL

33.	Fiebrich HB, Siemerink EJ, Brouwers AH, et al, 2011 
Everolimus induces rapid plasma glucose normalization 
in insulinoma patients by effects on tumor as well as 
normal tissues. Oncologist 16: 783-787. 

34.	Asayama M, Yamada-Murano T, Hara H, et al, 2014 
Everolimus dramatically improves glycemic control in 
unresectable metastatic insulinoma: a case report. Jpn 
J Clin Oncol 44: 186-190. 

35.	Baratelli C, Brizzi MP, Tampellini M, et al, 2014 Intermit-
tent everolimus administration for malignant insulinoma. 
Endocrinol Diabetes Metab Case Rep 2014: 140047. 

36.	Kulke MH, Bergsland EK, Yao JC, 2009 Glycemic 
control in patients with insulinoma treated with evero-
limus. N Engl J Med 360: 195-197. 

37.	Ong GS, Henley DE, Hurley D, Turner JH, Claring-
bold PG, Fegan PG, 2010 Therapies for the medical 
management of persistent hypoglycaemia in two cases 
of inoperable malignant insulinoma. Eur J Endocrinol 
162: 1001-1008. 

38.	Bozkirli E, Bakiner O, Abali H et al, 2013 A Case of 
Inoperable Malignant Insulinoma with Resistant Hypo-
glycemia Who Experienced the Most Significant Clinical 
Improvement with Everolimus. Case Rep Endocrinol 
2013: 636175. 

39.	Ferrer-García JC, Tolosa-Torréns M, Hernando-Meliá C, 
Arribas-Palomar L, Sánchez-Juan C, 2011 Everolimus 
resolving hypoglycemia, producing hyperglycemia, 
and necessitating insulin use in a patient with diabetes 
and nonresectable malignant insulinoma. Endocr Pract 
17: e17-20.

40.	Nahmias A, Grozinsky-Glasberg S, Salmon A, Gross 
DJ, 2015 Pancreatic neuroendocrine tumors with trans-
formation to insulinoma: an unusual presentation of 
a rare disease. Endocrinol Diabetes Metab Case Rep 
2015: 150032.

41.	Dubey AP, Viswanath S, 2016 A case of metastatic in-
sulinoma: Management and review of literature. OGH 
Reports 5: 79-81.

42.	Le Bacquer O, Queniat G, Gmyr V, Kerr-Conte J, 
Lefebvre B, Pattou F, 2013 mTORC1 and mTORC2 
regulate insulin secretion through Akt in INS-1 cells. 
J Endocrinol 216: 21-29. 

43.	Houde VP, Brûlé S, Festuccia WT, et al, 2010 Chronic 
rapamycin treatment causes glucose intolerance and 
hyperlipidemia by upregulating hepatic gluconeogen-
esis and impairing lipid deposition in adipose tissue. 
Diabetes 59: 1338-1348. 

44.	Novotny J, Janku F, Mares P, Petruzelka L, 2005 Symp-
tomatic control of hypoglycaemia with prednisone in 
refractory metastatic pancreatic insulinoma. Support 
Care Cancer 13: 760-762. 

45.	Kulaksızoglu M, Gonen MS, Kebapcilar L, et al, 2013 
Treatment of recurrent hypoglycemia with plasmapher-
esis and steroid in nondiabetic patient. Transfus Apher 
Sci 48: 11-13.

46.	Service FJ, 2006 Recurrent hyperinsulinemic hypogly-

cemia caused by an insulin-secreting insulinoma. Nat 
Clin Pract Endocrinol Metab 2: 467-470. 

47.	 Blum I, Rusecki Y, Doron M, et al, 1983 Evidence for 
a therapeutic effect of dl-propranolol in benign and ma-
lignant insulinoma: report of three cases. J Endocrinol 
Invest 6: 41-45. 

48.	Blum I, Doron M, Laron Z, Atsmon A, Tiqva P, 1975 
Prevention of hypoglycemic attacks by propranolol in a 
patient suffering from insulinoma. Diabetes 24: 535-537. 

49.	Scandellari C, Zaccaria M, De Palo C, et al, 1978 The 
effect of propranolol on hypoglycaemia. Observations 
in five insulinoma patients. Diabetologia 15: 297-301. 

50.	Imanaka S, Matsuda S, Ito K, Matsuoka T, Okada Y, 
1986 Medical treatment for inoperable insulinoma: 
clinical usefulness of diphenylhydantoin and diltiazem. 
Jpn J Clin Oncol 16: 65-71. 

51.	Brodows RG, Campbell RG, 1974 Control of refrac-
tory fasting hypoglycemia in a patient with suspected 
insulinoma with diphenylhydantoin. J Clin Endocrinol 
Metab 38: 159-162. 

52.	Hofeldt FD, Dippe SE, Levin SR, et al, 1974 Effects 
of diphenylhydantoin upon glucose-induced insulin 
secretion in three patients with insulinoma. Diabetes 
23: 192-198. 

53.	Owecki M, Sowiński J, 2005 Successful pharmacologi-
cal treatment of hyperinsulinemic hypoglycemia with 
verapamil and amlodipine-case report. Pol Merkur 
Lekarski 19: 196-198.

54.	 Ulbrecht JS, Schmeltz R, Aarons JH, Greene DA, 1986 
Insulinoma in a 94-year-old woman: long-term therapy 
with verapamil. Diabetes Care 9: 186-188.

55.	 Stehouwer CD, Lems WF, Fischer HR, Hackeng WH, 
1989 Malignant insulinoma: is combined treatment with 
verapamil and the long-acting somatostatin analogue 
octreotide (SMS 201-995) more effective than single 
therapy with either drug? Neth J Med 35: 86-94. 

56.	Hanazaki K, Nosé Y, Brunicardi FC, 2001 Artificial 
endocrine pancreas. J Am Coll Surg 193: 310-322. 

57.	Hirose K, Kawahito S, Mita N, et al, 2014 Usefulness 
of artificial endocrine pancreas during resection of 
insulinoma. J Med Invest 61: 421-425. 

58.	Munir, A, Choudhary P, Harrison B, Heller S, Newell-
Price J, 2008 Continuous glucose monitoring in patients 
with insulinoma. Clin Endocrinol (Oxf) 68: 912-918. 

59.	Tong CV, Hussein Z, Mohamad MB, Noor NM, Nasrud-
din A, 2015 Continuous Glucose Monitoring (CGM) 
- a Useful Tool in Tailoring Treatment for Insulinoma. 
Endocr Rev 36: LBS-056.  

60.	Baldeweg SE, Hope S, Tibbals J, Davidson B, Vander-
pump M, 2003 Use of Continous glucose monitoring 
system in the medical management of insulinomas. 
Endocrine Abstracts 6: DP23.

61.	Lombardi M, De Lio N, Funel N, et al, 2015 Prognos-
tic factors for pancreatic neuroendocrine neoplasms 
(pNET) and the risk of small non-functioning pNET. J 
Endocrinol Investig 38: 605-613. 



Glycemic control in patients with insulinoma	 499   

62.	Oberg K, 2012 Biotherapies for GEP-NETs. Best Pract 
Res Clin Gastroenterol 26: 833-841. 

63.	Venook AP, 1999 Embolization and chemoembolization 
therapy for neuroendocrine tumors. Curr Opin Oncol 
11: 38-41. 

64.	Logan R. McKenna, Barish H. Edil, 2014 Update on pan-
creatic neuroendocrine tumors. Gland Surg 3: 258-275. 

65.	Paprottka PM, Hoffmann RT, Haug A, et al, 2012 Radio-

embolization of symptomatic, unresectable neuroendo-
crine hepatic metastases using yttrium-90 microspheres.  
Cardiovasc Intervent Radiol 35: 334-342. 

66.	Falconi M, Eriksson B, Kaltsas G, et al,  2016 ENETS 
Consensus Guidelines Update for the Management of 
Patients with Functional Pancreatic Neuroendocrine 
Tumors and Non-Functional Pancreatic Neuroendocrine 
Tumors. Neuroendocrinology 103: 153-171.




