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Rare disease

Non-islet cell tumor hypoglycemia (NICTH) is a newly recognized, but uncommon, paraneoplastic syndrome
that is associated with tumors of mesenchymal origin. We report a case of NICTH associated with a gastroin-
testinal stromal tumor (GIST).

A 60-year-old man presented to the emergency department of our hospital after being found unconscious in
his home. His serum blood glucose on hospital admission was 40 mg/dL. He reported a three-month history of
diffuse abdominal pain, fatigue, and blurred vision. Laboratory medicine investigations showed reduced levels
of insulin, C-peptide, insulin-like growth factor binding protein (IGFBP)-3, and insulin-like growth factor (IGF)-1,
but his IGFBP-2 was increased. Computed tomography (CT) scan of the chest and abdomen showed an ab-
dominal mass that involved the small bowel, mesentery, and omentum, with lesions in the right lung and the
left rib. Histopathology of a CT-guided biopsy of the abdominal mass showed a low-grade sarcomatous spin-
dle cell neoplasm that was positive for CD117 using immunohistochemistry and with an exon 11 c-KIT muta-
tion. These findings were consistent with a diagnosis of GIST and treatment with imatinib commenced.

This case report has shown that hypoglycemia in the setting of low levels of insulin, C-peptide, IGF-1, and
IGFBP-3 is suggestive of a diagnosis of NICTH, which should be investigated for an underlying source, which in
this case, was confirmed to be a malignant GIST.
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Background

Tumor-associated hypoglycemia can be caused by islet cell tu-
mors or non-islet cell tumors. Insulinomas are tumors of the
pancreatic islet cells that cause hypersecretion of insulin, re-
sulting in hypoglycemia. Non-islet cell tumor hypoglycemia
(NICTH) is a paraneoplastic syndrome that leads to release of
insulin-like growth factor-2 (IGF-2) and can be caused by dif-
ferent types of tumor [1-3]. NICTH is a rare paraneoplastic syn-
drome with an estimated incidence of approximately one per
one million person-years [4]. Tumors that are associated with
NICTH produce peptides, cytokines, and growth factors, includ-
ing IGF-2, which can lead to hypoglycemia. Tumors associat-
ed with NICTH range from benign, to low-grade malignant, to
high-grade malignant tumors and include hepatocellular car-
cinoma, lymphoma, and mesenchymal tumors, including nerve
sheath tumors, hemangiopericytoma, and fibrosarcoma [1-4].

Gastrointestinal stromal tumors (GISTs) are mesenchymal,
or sarcomatous tumors of the gastrointestinal and are found
most often in the stomach, small intestine, and large intes-
tine [1,2 5]. The incidence of GIST in the United States is 6.8
out of one million [2]. GISTs are thought to arise from the in-
terstitial cells of Cajal, which are the pacemaker cells of the
Gl tract, involved in gut motility [5]. Histologically, GISTs show
features of both smooth muscle cells and nerve sheath cells.
NICTH associated with GIST is very rare [3].

We report a rare case of NICTH in a patient with a GIST of low-

grade malignancy with multiple abdominal, lung, and bone
metastases and an initial presentation with hypoglycemia.

Case Report

A 60-year-old Caucasian man with a past medical history of
hypertension, hypercholesterolemia, hepatitis C, and recurrent
episodes of hypoglycemia was brought to the emergency de-
partment after being found unconscious in his home. His serum
blood glucose was 40 mg/dL on arrival. He reported a three-
month history of cramping diffuse abdominal pain that was
not associated with food consumption or bowel movements.
He had an undetermined amount of weight loss despite in-
creased food intake. On review of his systems, he had noted
fatigue, blurred vision, confusion, and shortness of breath on
exertion. His family history was negative for cancer. He had
a 40-pack year smoking history but denied alcohol and drug
use. On physical examination, he had abdominal distention and
tenderness with a palpable mass in the right upper quadrant.

On hospital admission, his initial laboratory findings (Table 1)
showed decreased levels of insulin (1.19 IU/mL), C-peptide
(<0.1 ng/mL), insulin-like growth factor-binding protein
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Table 1. The laboratory findings of the patient on hospital
admission (with normal ranges).

Patient Normal range

Insulin level 1.19 IU/mL 1.9-23 |U/mL
""" CPeptide  <Olng/ml  ll-ddngml
""" GF1  22ngmL  sa-194ng/mlL
""" GFBP-2  1412ng/mL 140727 ng/ml
©IGFBP3 1069megll  2133-5711meg/l

IGF-1 — insulin-like growth factor-1; IGFBP-2 — insulin-like growth
factor binding protein-2; IGFBP-3 — insulin-like growth factor
binding protein-3.

Figure 1. Diagnostic abdominal computed tomography (CT)
imaging. A CT scan image shows an abdominal mass
measuring 18x24 cm.

(IGFBP)-3 (1,069 mcg/L), and insulin-like growth factor (IGF)-
1 (22 ng/mL), but his IGFBP-2 was increased (1,412 ng/mL).

A computed tomography (CT) scan (Figure 1) of the abdomen
showed an abdominal mass measuring approximately 18x24
cm originating from the pelvic cul-de-sac that was displacing
his viscera toward the upper abdomen. The mass involved a
few loops of small bowel, with multiple intra-peritoneal and
retroperitoneal masses and lesions involving the omentum and
mesentery, but there was no bowel obstruction. There were
also multiple satellite lesions measuring from several millime-
ters in diameter to 10 cm in diameter that were visualized in
the abdomen. A CT scan of the thorax showed a 1.5x1.5 cm
mildly speculated, round, non-calcified soft tissue nodule con-
sistent with a lung metastasis. There were also sclerotic foci




Figure 2. Photomicrograph of the histology of the tumor mass.
A sarcomatous spindle cell tumor is shown, consistent
with a diagnosis of gastrointestinal stromal tumor
(GIST). (Magnification x40).

Figure 3. Abdominal computed tomography (CT) imaging at two
months following treatment. A CT scan image shows
that the abdominal mass was reduced in size after two
months of treatment.

within the third and fourth ribs on the left side that were also
likely to be metastases. Magnetic resonance imaging (MRI)
of the brain was negative for metastasis or acute infarction.

A CT-guided core biopsy of one of the abdominal masses was
obtained. Histopathology of the biopsy (Figure 2) showed a
low-grade sarcomatous spindle cell neoplasm consisting of
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interlacing bundles of spindle cells with a moderate nucle-
ar to cytoplasmic ratio and occasional prominent nucleoli.
Immunohistochemistry was performed using a panel of tumor
markers, which showed that the tumor cells were positively
stained with antibodies to CD99, CD117, and smooth muscle
actin (SMA), which was consistent with a diagnosis of gastro-
intestinal stromal tumor (GIST), with 20% of the tumor cells
being positive for the proliferation marker Ki67. Molecular se-
quencing analysis showed an exon 11 ¢-KIT mutation. The GIST
was staged as a T4, NX, M1.

Specialist surgical oncology review advised against surgical
excision of the primary and metastatic tumors because of the
high surgical risk of attempting to remove multiple tumors.
Based on the initial pathology results, including the presence
of CD117 positivity and an exon 11 c-KIT mutation, treatment
with the tyrosine kinase inhibitor imatinib was begun.

One month later a repeat abdominal CT scan showed that
the main abdominal tumor had decreased in size to 14.0x9.5
c¢m. Two months after beginning treatment, a second follow-
up abdominal CT scan (Figure 3) showed that the tumor size
had stabilized and there was no further reduction in size.
Also, an intra-abdominal abscess had formed that required
CT-guided drainage.

Although the patient had a good initial response to imatinib
therapy, there has been no further improvement. The patient
became non-compliant with therapy due to the side-effects
of imatinib. The extensive metastatic spread of the GIST and
lack of treatment compliance mean that the patient’s prog-
nosis is poor.

Discussion

As this case report has shown, hypoglycemia in the setting of
decreased insulin levels is suggestive of a diagnosis of non-is-
let cell tumor hypoglycemia (NICTH) [3]. When NICTH is a para-
neoplastic syndrome associated with gastrointestinal stromal
tumor (GIST), the tumor produces an altered form of insulin-
like growth factor (IGF)-2, which results in hypoglycemia. This
altered form of IGF-2 is referred to as “big” IGF-2, because it
has a molecular weight of 11-18 kDa, compared with the mo-
lecular weight of standard IGF-2, which is 7.5kDa [6,7].

Normally, IGF-2 binds to insulin-like growth factor-binding pro-
tein (IGFBP)-3 and a labile acid subunit, which together form
a ternary complex; however, “big” IGF-2 is unable to form this
ternary complex. This results in decreased release of glucose
from the liver, and an increase in glucose consumption by skel-
etal muscle leading to hypoglycemia [10]. “Big” IGF-2 also sup-
presses growth hormone, glucagon release, and the production
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of IGFBP-3 [8]. Therefore, it is believed that “big” IGF-2 is re-
sponsible for the sustained hypoglycemia seen in NICTH [9].
Also, low levels of insulin, proinsulin, C-peptide, growth hor-
mone, and B-hydroxybutyrate, a ketone body, are also found
in NICTH [4,9-12].

As this case report has shown, when a patient presents with
unexplained hypoglycemia it is important to analyze serum
glucose, insulin level, proinsulin level, C-peptide level, B-hy-
droxybutyrate level, and to perform an oral hypoglycemic agent
screen. Other laboratory tests that are important to request in-
clude IGF-1, IGF-2, and growth hormone (GH) levels. The cur-
rent Endocrine Society Clinical Practice Guideline advises the
following cut off fasting plasma levels for laboratory testing
in patients with hypoglycemia without diabetes: insulin lev-
el <3.0 mmol/L, proinsulin level >5.0 pmol/L, C-peptide level
>0.2 nmol/L, and a B-hydroxybutyrate level <2.7 mmol/L[11].
Unfortunately, there is no commercially available assay to mea-
sure “big” IGF-2, an important diagnostic marker for NICTH.
If the laboratory tests still indicate NICTH as a possible diag-
nosis, the next step is to order cross-sectional imaging of the
chest, abdomen, and pelvis [11,13].

The diagnosis of GIST is confirmed by tumor sampling and his-
tology supported by immunohistochemical staining for CD117
(c-KIT), which and is positive in approximately 95% of cases
of GIST [3,5]. Aberrant activity of the mutated KIT gene is now
believed to lead to unregulated cell proliferation and the de-
velopment of GIST [14,15]. IGF-1receptor and IGF-2 are also
highly expressed in GIST and can be evaluated using immu-
nohistochemistry [14-17].

Ki-67 is a nuclear protein that is expressed in the G1, S, G2
and M phases of the cell cycle in proliferating cells and is ab-
sent in non-proliferating cells [18-20]. It has been shown that
high percentage of Ki-67-positive cells, detected using immu-
nohistochemistry, is significantly correlated with an increased
risk of recurrence and worse patients prognosis in GIST [21].
There is ongoing debate in the literature regarding whether Ki-
67 expression is a better prognostic indicator than mitotic rate
in tumor tissue [18]. Further studies are needed to determine
the role of Ki-67 and other prognostic markers in GIST [18,21].
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Treatment of GIST is usually accomplished by surgical debulk-
ing of the tumor mass or tumor embolization [1-3,5]. Surgical
removal cures the hypoglycemia when the tumor is complete-
ly removed. However, resection is not always a treatment op-
tion because of the large tumor burden, extensive metastatic
disease, patient preference, and the relationship of the tumor
to surrounding structures [13]. While waiting for surgical re-
moval, the hypoglycemia is treated with an increase in food in-
take and sometimes with intravenous glucose or dextrose. The
most effective treatment for NICTH is glucocorticoids, which
suppress IGF-2 production and the hypoglycemia caused by
“big” IGF-2 [1,2]. Glucocorticoid therapy should begin with the
smallest possible dose. Tyrosine kinase inhibitors that target
KIT, such as imatinib, can be used as neo-adjuvant therapy
and have been shown to increase survival in unresectable or
malignant tumors [1,2,14,16].

The patient we have discussed in this case report presented
with hypoglycemia of unknown origin. A recognized limitation
of the case report is that IGF-2 was not measured because
the patient was transferred to another facility to receive fur-
ther treatment. However, before the patient was transferred,
imaging and laboratory investigations, including tumor biop-
sy and immunohistochemistry and molecular tumor analysis
confirmed a diagnosis of NICTH. The patient had low plasma
levels of insulin, C-peptide, and IGFBP-3, histology was consis-
tent with GIST, immunohistochemistry was positive for CD117,
and an exon 11 KIT mutation was identified, confirming the
diagnosis of GIST.

Conclusions

This case report has described a rare case of non-islet cell tu-
mor hypoglycemia (NICTH) associated with a gastrointestinal
stromal tumor (GIST). As this case has shown, it is important
to recognize that unexplained hypoglycemia can be a para-
neoplastic phenomenon associated with an underlying ma-
lignancy. Currently, there is limited knowledge regarding this
rare paraneoplastic syndrome caused by GIST, and further re-
search is recommended.
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