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Hypoglycemia associated with non-islet cell tumors 
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Tumor hypoglycemia is rare but life-threatening medical condition which may be associated with insulinoma and non-islet 
cell tumors (mainly of mesenchymal origin). The pathogenesis is connected with abnormal processing of insulin-like growth 
factor-2 (IGF-2) precursor and production of pathognomic „big“ IGF-2 – incompletely processed posttranslational precursor 
of IGF-2, which is responsible for hypoglycemia. Other typical laboratory features include low level of fasting glucose and 
C-peptide, low IGF-1 and increased IGF-2 : IGF-1 ratio. Although paraneoplastic hypoglycemia is often present in patients 
with already diagnosed malignancy, it is necessary to consider this possibility in patients having unclear and inexplicable 
hypoglycemia. The adequate treatment can significantly reduce the symptoms and improve the quality of life. 
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Hypoglycemia is a  medical emergency which is usually 
associated with the presence of diabetes mellitus or with the 
treatment of this disease. However, there are also several other 
pathomechanisms and it may be also a serious complication 
of malignancy caused by both pancreatic islet cell tumors 
producing insulin (insulinomas) and non-islet cell tumors 
(Table 1) [1, 2].

Incidence of the disease

Non-islet cell tumor hypoglycemia (NICTH) is a rare fea-
ture of paraneoplastic syndrome – in the review by Bodnar et 
al. (2013) there are nearly 290 cases of NICTH reported in the 
English language medical literature in the past quarter century 
[1]. Being a rare disease, the true incidence of NICTH is not 
known; it is estimated to be one per million people years [3]. 

This condition should be considered in patients presenting 
with tumor of mesenchymal origin or less frequently, in ma-
lignant epithelial tumors, hematopoietic and neuroendocrine 
tumors [4, 5]. 

According to the review of this topic by de Groot et al. [6] 
41% are represented by mesenchymal tumors, 43% by tu-

mors of epithelial origin, 1% of tumors with neuroendocrine 
and hematopoietic origin and 14% of unknown origin [6, 
7]. However the review of recent reported cases of NICTH 
identified variety of pathologic diagnoses and widespread 
anatomic locations of tumors associated with paraneoplastic 
hypoglycemia [7, 8].

Mesenchymal tumors are localized mainly in the retroperi-
toneum and pelvic areas (65%) or chest (30%). Gastrointestinal 
stromal tumors (GIST) are often associated with hypoglyc-
emia, too. The most common appearance of GIST is stomach 
(60 – 70%), followed by the small intestine, colon and rectum 
[9]. The gynecological tumors associated with hypoglycemia 
are particularly leiomyosarcoma, solitary fibrous tumor and 
fibrosarcoma [6]. Among others, it is necessary to mention 
mesothelioma, hemangiopericytoma, solitary fibrous tu-
mors, fibrosarcomas, synovial sarcoma, myxoid liposarcoma, 
chondrosarcoma, Ewing’s sarcoma and undifferentiated 
pleiomorphic sarcoma. Hypoglycemia may be sometimes also 
the symptom of fibrous tumor of the pleura (approximately 
5% of patients) – this condition is known as Doege-Potter 
syndrome [10]. Among primary epithelial tumors, episodes 
of hypoglycemia were described in patients with large cell ad-
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enocarcinoma, hepatocellular carcinoma, renal cell carcinoma, 
phyllodes tumor of breast and ovarian adenocarcinoma. The 
tumors are usually large in size (weight on average 2 – 4 kilo-
grams, mean diameter 10 – 20 cm), located in the chest in 
approximately one-third and in the retroperitoneal region in 
two-thirds of cases [1, 11].

Pathogenesis of hypoglycemia associated with non-islet 
cell tumors

First hypothesis on pathogenesis of tumor hypoglycemia was 
increased glucose utilization by large tumors [1, 4]. However, the 
crucial event in the development of NICTH seems to be overex-
pression of the insulin-like growth factor-2 (IGF-2) gene by the 
tumor. IGF-2 is produced mainly by the liver and binds with re-
ceptor IGF2R which is responsible for endocytosis, intracellular 
hormone transport and degradation of circulating IGF-2. This 
protein plays an important role in human fetal and post-natal 
development (growth-regulating, insulin-like, proliferative, 
mitogenic and antioxidant activity) but whether it has significant 
physiological function in adults remain unknown [7].

Both IGF-1 and IGF-2 have non-suppressible insulin-like 
activity (activity which can not be supressed by antiinsulin 
antibodies) and also act as an insulin sensitizers. They are 
binding to one of six forms of high affinity IGF binding pro-
teins (IGFBP 1 – 6) produced by liver, promoting or inhibiting 
IGF actions. IGF can bind to both IGF-1 receptor and insulin 
receptor (with a lower afinity compared to insulin, as a sec-
ondary via through which this hormone mediates some of its 
metabolic functions) [12]. 

IGF-1 and IGF-2 both have glucose lowering potency that 
is approximately only 5 – 10% of insulin’s potency [3]. In spite 
of structural homology with insulin, normal levels of IGF-2 do 
not cause hypoglycemia. However, plasma concentrations of 
IGF-1 and IGF-2 can be thousand times greater than insulin in 
NICTH allowing them to cause hypoglycemia [7]. Hypoglyc-

emic activity of IGF-2 is mediated by stimulation of the insulin 
receptors and increased glucose utilization (particularly in 
skeletal muscle) together with the inhibition of glucose release, 
glycogenolysis and gluconeogenesis in the liver [11]. 

The IGF-2 gene is located on short arm of chromosome 
11 (11p15) close to the insulin gene. IGF-2 is a 67 amino acid 
polypeptide with 47% sequence homology with insulin. Post 
translational prepro IGF-2 contains 180 amino acids with 
a  carboxy terminal peptide of 89 amino acids and a  signal 
peptide of 24 amino acids. Prepro IGF-2 is cleaved to form 
mature IGF-2 [7].

NICTH is associated with the excessive secretion of in-
completely processed posttranslational precursors of IGF-2 
(termed ‘big’ IGF-2) in tumors with aberrant IGF-2 gene 
transcription and gene expression [1]. In a normal individual, 
the translated peptide undergoes glycosylation. Posttrans-
lational modifications may be impaired in tumors because 
of insufficient quantity of enzymes required for this process 
resulting in big IGF-2. Tumor-derived big IGF-2 primarily 
forms smaller binary complexes with IGF binding protein, 
and a greater fraction stays in the free unbound form. Unlike 
the ternary form, these binary forms can cross the capillary 
membrane and can act on insulin receptors [3].

This overproduction together with the structural and 
biochemical homology between IGF-2 and insulin induces 
secondary changes in the circulating levels of insulin, IGF-1 
and IGF-binding proteins resulting in an insulin-like hypogly-
cemic activity of big IGF-2 [2, 6]. This results in inhibition 
of glycogenolysis, gluconeogenesis, decreased lipolysis, and 
increased peripheral glucose utilization. The release of the 
counter-regulatory hormones glucagon and growth hormone 
is suppressed by IGF-2, which in turn magnifies the vulner-
ability to hypoglycemia in NICTH [1] (Fig. 1). Big IGF-2 also 
account for elevated glucose consumption in the tumor by 
autocrine and paracrine effects [5].

Mostly in patients with multiple myeloma we can recognize 
another pathomechanism of tumor hypoglycemia – autoim-

Table 1. Diseases and pathologic conditons and patomechanism of hypoglycemia [6-8, 15]

Pathological condition Pathogenesis of hypoglycemia
Diabetes mellitus Administration of exogenous insulin and/or oral antidiabetic drugs
Gastric by-pass operation Rapid emptying of stomach, changed insulin response to absorption of substrates 
Alcohol intake Inhibition of gluconeogenesis, malnutrition
Primary or secondary adrenal insufficiency Defect of gluconeogenesis and glycogenolysis
Advanced liver disease Defect of gluconeogenesis and glycogenolysis
Hypothyroidism Defect of gluconeogenesis and glycogenolysis

Tumor – associated 
conditions

Pancreatic islet cell tumors  
(or ectopic insulin-producing tumor) Production of endogenous insulin

Non-islet cell tumors
Production of substances interfering with glucose metabolism (insulin growth 
factor – IGF-1 or -2, insulin receptor antibodies)
Production of tumor necrosis factor, interleukin-1 and -6

Liver tumors Destruction by massive tumor infiltration
Tumors of adrenal glands Excess catecholamine production
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mune insulin syndrome (AIS) which is rare in Europe but quite 
common in Asia (especially Japan). AIS can be easily incor-
rectly consider to be an insulinoma because of similar clinical 
features and high levels of insulin. Only the examination of 
autoantibodies against insulin (in patient who were never 
treated with an exogenous insulin) or autoantibodies against 
insulin receptor may reveal the correct diagnosis. Compared 
to NICTH, AIS may be accompanied not only by fasting hy-
poglycemia but also reactive postprandial hypoglycemia [13]. 
The differences between NICTH and AIS are in Table 2. 

Clinical symptoms of disease

Clinical features of NICTH result from recurrent episodes 
of fasting hypoglycemia and the growth and widespreading 
of the tumor itself [5].

Andrenergic symptoms (autonomic nervous system’s re-
sponse to hypoglycemia) include nausea, sweating, tremor, 
palpitations, tachycardia and anxiety. Neuroglycopenic symp-
toms (low glucose supply to central nervous system) account 
confusion, impairment of mental concentration, weakness 
or fatigue, visual disorders, loss of consciousness, coma). 
Dynkevich et al. [14,15] postulate that neuroglycopenic symp-
toms are more commonly present than autonomic symptoms 
due to repeated hypoglycemic events and insidious progression 
seen with NICTH [1, 15].

Diagnosis

In non-diabetic patients hypoglycemia is defined as 
a plasma glucose level < 3.3 mmol/l (60 mg/dl). The diag-
nosis of NICTH is established on the basis of the reccurent 

Figure 1. Pathogenesis of tumor hypoglycemia and organ response [1, 5, 6]

Table 2. Clinical and laboratory features of hypoglycemia associated with non-islet cell tumor (NICT), insulinoma and autoimmune insulin syndrome 
(AIS) [13, 14]

Clinical and laboratory features NICT Insulinoma AIS
Hypoglycemia fasting fasting fasting / postprandial
Insulin ↓ ↑ ↑↑
C-peptide ↓ ↑ ↑↑
incompletely processed posttranslational precursors of IGF-2 – big IGF-2 + - -
Antibodies against insulin or insulin receptor - - +
Imaging + + -
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hypoglycemia, low serum insulin concentrations together 
with supressed level of C-peptide and IGF-1 and the presence 
of paraneoplastic secretion of an immature form of IGF-2 
(Table 3) [5].

Electrophoresis of plasma IGF-2 (semiquantitative, fast 
method) reveals the presence of two distinct bands in the 
patient‘s serum: a minor band with a low-molecular-weight 
form corresponding to a normal IGF2 and a major band with 
a high-molecular-weight form corresponding to an incom-
pletely processed precursor of IGF-2 – big IGF-2 [5]. Total 
level of IGF-2 may be in physiological range. 

Liquid chromatography–mass spectrometry (LC-MS) or im-
munoassay (ELISA and RIA) may be used for measurement of 
IGF-2. Size-exclusion acid chromatography and more rapid and 
equally sensitive western blot may be used for measurement of 
big IGF-2 (but assays for routine measurement of big IGF-2 are 
not commercially available) [5, 7]. Therefore the IGF-2: IGF-1 
ratio is used as a surrogate marker for the concentration of big 
IGF-2. A ratio of > 10 is considered to be clinically significant 
and pathognomic for NICTH (Table 3) [4, 7]. 

If laboratory results suggest NICTH in patient without the 
history of malignancy, a reasonable next step is cross-sectional 
imaging of the chest, abdomen, and pelvis to identify a tumor 
and most reported cases of NICTH involve a tumor in one of 
these sites [1].

Therapeutics

The long-term therapeutic strategy is immediate identi-
fication and localization of non-islet cell tumor followed by 
complete resection or at least reduction of the tumor mass; the 
choice of chemo- or radiotherapy depends upon the primary 
pathology of the tumor [1, 7]. 

However, this effort is very often not successful or feasible 
and the principle of the treatment is to increase the plasma 
glucose level and prevent hypoglycemia [4]. Administration 
of oral and intravenous glucose or intramuscular and intra-
venous glucagon is used to maintain euglycemia but both are 
limited by the need for continuous iv infusion.

Another therapeutic modality are glucocorticoids. Glu-
cocorticoid therapy has been shown to suppress big IGF-2 
by converting pre-pro IGF into IGF-2 in a moderate to high 
doses (30 – 60 mg/day of prednisolone or 4 mg/day of dex-

amethasone) [7]. Glucocorticoids also provide relief from 
hypoglycemia by stimulating glyconeogenesis and gluconeo-
genesis. 

According to some authors administration of recombinant 
human growth hormone (rhGH) is considered to be beneficial 
in the treatment of NICTH. GH therapy relieves hypoglyc-
emic symptoms by stimulating hepatic gluconeogenesis and 
glycogenolysis [4]. Although it fails to suppress tumor IGF-2 
production [5], preventing interaction with insulin receptor 
by increasing ternary complex ultimately decreases chances 
of hypoglycemia. But it also increases total IGF which can be 
hazardous in the long term [3]. 

Diazoxide works by activating potassium channels thereby 
decreasing insulin secretion. That is the reason why it can be 
particularly used in tumors producing insulin [3]. Octreotide 
is a somatostatin analogue which inhibits the release of growth 
hormone, insulin, gastrin, VIP and glucagon. It is more suc-
cessful in controlling symptoms of VIPomas, carcinoids, and 
glucoganomas when compared to NICTH [3]. However ac-
cording to some review diazoxide and octreotide have no role 
in NICTH [1, 3]. 

Conclusions

Tumor hypoglycemia caused by the production of incom-
pletely processed precursors of IGF-2 may be a rare reason of 
fasting hypoglycemia. However increase incidence of malig-
nancies and accumulating literature provides a firm basis for 
routine IGF-2 laboratory evaluation in patients presenting 
with spontaneous hypoglycemia with no readily apparent [7]. 
This should be especially considered in patients suffering from 
mesenchymal tumors of the chest, abdomen and pelvis. 
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