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Abstract

Non-islet cell tumor hypoglycemia (NICTH) is a rarely encountered cause of hypoglycemia. It is most often caused by tumor secretion of precursor
insulin-like growth factor-2 (IGF-2) which, in high concentrations, binds to insulin receptors exerting insulin-like metabolic effects. It is often
associated with mesenchymal and hepatic tumors. We describe 3 cases of NICTH: a 60-year-old man with an unresectable pelvic sarcoma
and two women ages 43 and 57 with metastatic hemangiopericytoma. Biochemical assessment identified hypoglycemia associated with
suppressed insulin, c-peptide, and beta-hydroxybutyrate levels. Each patient was treated with oral glucocorticoids, which effectively
prevented recurrence of hypoglycemia and this effect was sustained long-term. These cases highlight a rarely encountered but important
cause of hypoglycemia and demonstrate the long-term efficacy of glucocorticoid treatment in preventing hypoglycemia in cases of NICTH

related to surgically unresectable tumors.
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Introduction

Non-islet-cell tumor hypoglycemia (NICTH) is a rare paraneo-
plastic phenomenon associated with a variety of malignancies in-
cluding mesenchymal and hepatic tumors [1]. Due to its rarity, it
is infrequently encountered by endocrinologists. Due to the risk of
dangerous hypoglycemia, it requires prompt recognition so as not
to delay treatment. Hypoglycemia is caused by tumor secretion of
precursor insulin-like growth factor (IGF)-2, which in large con-
centrations induces downstream insulin-like metabolic effects [2].
NICTH is thus characterized by the biochemical finding of hypo-
insulinemic hypoglycemia [3]. Different management strategies
are reported in the literature with complete surgical resection
being the most effective long-term treatment option [4]. In the set-
ting of an unresectable tumor burden, a number of different med-
ical therapies have been reported, including glucocorticoid use.

Case Presentations
Case 1

A 60-year-old male was brought in by ambulance to the emer-
gency department following a collapse at home. Capillary glu-
cose performed by paramedics on scene was found to be
unrecordably low. In retrospect, he recalled a three-week his-
tory of early morning sweats and tremors. His past medical

history was significant for hypertension, hepatitis B, and a pel-
vic sarcoma. His medications included paracetamol, tramadol,
telmisartan, and amlodipine. The sarcoma was diagnosed five
years previously and surgically treated, with recurrence three
years later. It had been deemed inoperable on recurrence, and
the patient had declined chemotherapy.

Case 2

A 43-year-old health professional with a background of meta-
static anaplastic hemangiopericytoma undergoing palliative
radiotherapy was found unresponsive in bed by her husband.
Capillary glucose performed by paramedics was unrecordably
low. She was treated with oral glucose and elected not to at-
tend the emergency department. Her regular medications in-
cluded sodium valproate and doxycycline. Following the
event, she continued home capillary blood glucose level mon-
itoring and noted recurrent hypoglycemic events, with blood
glucose levels <2 mmol/L (<36 mg/dL) requiring four hourly
meals to mitigate this.

Case 3

A 57-year-old female was brought in by ambulance to the emer-
gency department following a witnessed seizure at home.
Measurement of capillary glucose by attending paramedics
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Table 1. Relevant biochemistry results
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Patient 1 Patient 2 Patient 3 Reference range
Plasma glucose 2.4 mmol/L 1.5 mmol/L 1.6 mmol/L 3-5 mmol/L
(43.2 mg/dL) (27 mg/dL) (28.8 mg/dL) (54-90 mg/dL)
C-peptide <0.05 nmol/L <0.05 nmol/L <0.05 nmol/L 0.2-0.9 nmol/L
(<0.02 ng/mL) (<0.02 ng/mL) (<0.02 ng/mL) (0.08-0.4 ng/mL)
Insulin <1 mU/L <1 mU/L <1 mU/L <12 mU/L
(<7 pmol/L) (<7 pmol/L) (<7 pmol/L) (83 pmol/L)
Beta hydroxybutyrate <0.1 mmol/L <0.1 mmol/L <0.1 mmol/L <0.4 mmol/L
(<1.8 mg/dL) (<1.8 mg/dL) (<1.8 mg/dL) (<7.2 mg/dL)
Cortisol 410 nmol/L 420 nmol/L 369 nmol/L 150-700 nmol/L
(14.8 pg/dL) (15.2 pg/dL) (13.4 pg/dL) (5.4-25 pg/dL)
IGF-1 28 pg/L <25 pg/L 41 pg/L 80-327 pg/L
(3.6 nmol/L) (<3.3 nmol/L) (5.4 nmol/L) (10-40 nmol/L)
Growth hormone 0.5 pg/L 1.2 pg/L 0.9 pg/L <3.3 pg/L

Abbreviations: IGF-1, insulin-like growth factor 1.

was 1.6 mmol/L (28 mg/dL). Her medical history was signifi-
cant for metastatic hemangiopericytoma complicated by spinal
cord compression (for which she was receiving radiotherapy),
congestive cardiac failure, and stroke. Her regular medications
included levetiracetam, citalopram, furosemide, aspirin, folic
acid, bisoprolol, ramipril, and oxycodone.

Diagnostic Assessment

Patients 1 and 3 were assessed as inpatients. Symptoms of hypo-
glycemia with demonstrated hypoglycemia on capillary glucose
monitoring occurred spontaneously at 1 am and 10:45 pm, re-
spectively. Patient 2 attended a pathology collection center as
an outpatient during a symptomatic episode at 3 pM, with dem-
onstrated hypoglycemia on capillary glucose testing. In all cases,
venous blood was drawn for laboratory studies before adminis-
tration of carbohydrate. All patients satisfied Whipple’s triad
[5], and further laboratory assessment of all three patients sub-
sequently demonstrated hypoinsulinemic hypoglycemia with
suppressed beta-hydroxybutyrate confirming the diagnosis of
NICTH (see Table 1).

Treatment

On confirmation of NICTH diagnosis, all patients were com-
menced on oral glucocorticoids. Patients 1 and 2 were treated
with dexamethasone 4 mg daily, chosen for its long duration
of action as both patients experienced recurrent symptomatic
overnight hypoglycemia. The dose was selected pragmatically,
based on the limited literature available regarding effective
glucocorticoid doses in this condition (prednisolone 15-60 mg
daily or equivalent). Patient 3 received prednisolone 50 mg dai-
ly, with this medication selected as it was part of a planned
chemotherapy regimen.

Outcome and Follow-up

All patients had complete resolution of hypoglycemia with
glucocorticoid treatment. Following diagnosis, patient 1 was
referred to medical and radiation oncology for further discus-
sion of treatment options. While he again declined chemother-
apy, he subsequently completed a treatment course of

radiotherapy followed by targeted radioligand therapy which,
at the time of writing (one year following diagnosis of
NICTH), has resulted in good tumor burden response.
While weaning was initially planned, dexamethasone was con-
tinued at a dose of 4 mg by his palliative care team for the con-
current management of pain throughout radiotherapy
treatment. Following the completion of radiotherapy and evi-
dence of tumor burden response, dexamethasone was weaned
over a period of two months supervised by his palliative care
physician. Patient 1 monitored his blood glucose levels for two
weeks following cessation of dexamethasone with no further
hypoglycemia. He remains asymptomatic of hypoglycemia at
the time of writing. Patient 2 initially weaned dexamethasone
to 1.5 mg daily (required for eligibility for a clinical trial of im-
munotherapy); however, this resulted in breakthrough hypogly-
cemia. Despite further cycles of chemotherapy, disease
progression prevented any further attempts at steroid weaning,
and she was maintained on 4 mg dexamethasone until she suc-
cumbed to her disease 6 months after NICTH diagnosis. Patient
3 was titrated over several months to prednisolone 37.5 mg and
subsequently 25 mg daily. She continued to receive further
cycles of chemotherapy during this time; however, further titra-
tion of glucocorticoids was not attempted due to progression of
disease. She subsequently succumbed to the disease two years
after diagnosis of NICTH. All patients tolerated glucocorticoids
with no major adverse effects. Due to the efficacy of glucocortic-
oid therapy in mitigating hypoglycemia, no other nonglucocor-
ticoid medical therapies were trialed for NICTH management.

Discussion

Hypoglycemia is an uncommon phenomenon outside of the
diabetic population. In this cohort, hypoglycemia often stems
from hyperinsulinism via endogenous or exogenous mecha-
nisms. It is rarely associated with hypoinsulinemia. NICTH is
a rare paraneoplastic phenomenon initially described in
the 1980s [3]. While it can be caused by a wide range of malig-
nancies, it is most often associated with tumors of epithelial
cell or mesenchymal origin [1]. The most common epithelial
tumor associated with NICTH is hepatocellular carcinoma.
Mesenchymal tumors more frequently associated with
NICTH include fibrosarcoma, mesothelioma, and
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hemangiopericytoma. These tumors are commonly large and
usually originate in the thorax. In some cases, hypoglycemia
precedes the tumor diagnosis. More commonly, however, and
as seen in our cases, it occurs following diagnosis of the malig-
nancy [3]. Given the increasing incidence of malignancies, it is
expected that the number of reported cases of NICTH will con-
tinue to increase.

NICTH is caused by excessive tumor secretion of precursor
IGF-2 molecules (big IGF-2). IGF-2 is a single chain polypep-
tide (7.5 kDa) similar in structure to IGF-1 and proinsulin
[2, 4]. It is expressed in the liver, and it functions primarily
for cell proliferation and apoptosis during fetal and neonatal
development. However, it is present in constant serum con-
centrations in adulthood [6]. In normal circumstances, up
to 80% of IGF-2 is bound to IGF-big protein 3 (IGF-BP3)
and the acid-labile subunit (ALS) forming a large ternary
complex (approximately 150 kDa), which, due to its large
size, does not cross capillary membranes and thus has limited
biological activity [2, 4]. A small proportion of IGF-2 is
bound only to IGF-BP3 forming a binary complex (approxi-
mately 50 kDa), which does cross the capillary membrane
and thus is biologically active. In NICTH, abnormal process-
ing of IGF-2 precursors causes high concentrations of big
IGF-2 (10-20 kDa) in the plasma. Due to its higher molecular
weight, it is unable to bind to ALS and is bound to IGFBP3
only [2, 4]. This 60 kDa structure crosses the capillary mem-
brane resulting in a higher concentration of biologically
active IGF-2 [2, 4]. This complex saturates the insulin and
IGF receptors exerting insulin-like downstream metabolic
effects, resulting in increased glucose uptake in the muscles,
decreased glucagon secretion, decreased glycogenolysis, and
gluconeogenesis. Via negative feedback mechanisms, IGF-1,
growth hormone (GH), and insulin levels decrease. Through
a similar mechanism, NICTH from tumor secretion of IGF-1
has been reported in the literature, although it is exception-
ally rare [3].

As IGF-2 levels cannot be assayed commercially (and we
were unable to measure IGF-2 levels in our cases), the diagno-
sis of NICTH can be made when hypoinsulinemic hypogly-
cemia, with a concurrent low C-peptide is demonstrated in
the presence of a large tumor [1, 5]. A suppressed beta-
hydroxybutyrate is necessary to confirm the presence of an
insulin-like effect [5]. Low GH and IGF-1 levels are also a
helpful adjunct to diagnosis. In the literature, where IGF-2 as-
says are available, levels may be normal or high (depending on
the assay used), and an IGF-2/IGF-1 molar ratio of >10 helps
to confirm the diagnosis of NICTH [4].

Ideally, management of NICTH involves surgical excision
of the causative tumor, but this is often not possible. In the lit-
erature, partial excision and reduction of tumor burden via lo-
calized treatment such as radiotherapy has been found to be
effective [4]. This is consistent with evidence of resolution of
hypoglycemia in our first case, allowing for cessation of gluco-
corticoids. In a review of the management of NICTH by
Bodnar et al, management with the use of diazoxide or octreo-
tide, as well as systemic treatment with chemotherapy, is often
ineffective [4]. In surgically incurable cases, glucocorticoids
have been identified to be the most effective management strat-
egy for mitigating hypoglycemia, and, commonly, doses equiva-
lent to prednisone 30 to 60 mg/day have been reported to be
effective. Teale et al described eight patients with NICTH
who responded well to glucocorticoid treatment, with some
responding to prednisone doses as low as 15 mg/day [7].

The proposed mechanism by which glucocorticoids treat
NICTH is hypothesized to be decreased circulating levels
of big IGF-2 through suppression of tumor secretion and
increased clearance via unknown mechanisms. Indeed,
Teale et al demonstrated restoration of normal insulin
and C-peptide levels, decreased big IGF-2 levels, and increased
IGF-1 and ALS levels in a group of four NICTH patients
treated with glucocorticoids [8].

Aside from glucocorticoid therapy, treatment with re-
combinant growth hormone (rGH) has been used success-
fully to treat hypoglycemia in NICTH. However, this has
been documented to require supraphysiological doses of
the order of 3 to 12 mg daily [4]. Teale et al demonstrated
that in four NICTH patients treated with rGH, its use in-
creased IGFBP3 and ALS levels, which was hypothesized
to assist in restoration of the normal ternary complex allow-
ing for normalization of biologically inactive IGF-2 levels
[8]. However, they demonstrated that GH treatment did
not restore normal insulin and C-peptide levels and, con-
cerningly, significantly increased big IGF-2 levels. Due to
the need for supraphysiological doses, its effect on increas-
ing big IGF-2 levels, and its potential to stimulate tumor
growth, the use of rGH is thought to be less desirable than
glucocorticoids. Combination therapy with glucocorticoids
and rGH has been described when monotherapy with either
was unsuccessful [4].

Learning Points

e NICTH is a rare but serious paraneoplastic phenomenon
caused by tumor secretion of precursor IGF-2.

¢ The diagnosis is made on demonstration of hypoinsuline-
mic hypoglycemia with suppressed beta-hydroxybutyrate
levels, usually in the presence of a large tumor burden
(IGF-2 assays are not commercially available).

® Reduction of tumor burden can ameliorate or reverse
NICTH.

¢ Hypoglycemia associated with NICTH can be treated
with glucocorticoids, and this effect is sustainable long
term.

e While high-dose glucocorticoid therapy is usually re-
quired initially, the dose can be subsequently titrated to
the lowest effective dose in order to mitigate side effects.
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