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Abstract. Non-islet cell tumor hypoglycemia (NICTH) is an 
uncommon but serious complication of malignancy. Patients 
with NICTH may appear unwell due to the underlying tumor, 
particularly when the mechanism of hypoglycemia is extensive 
tumor burden in the liver. Hepatocellular carcinoma (HCC) is 
reported to be the second most common cause of NICTH. The 
therapeutic strategies used in treating NICTH involve reduc-
tion of the tumor mass or tumor load, and palliative treatment 
of symptoms if curative attempts fail. In the present study we 
report the successful control of hypoglycemia using systemic 
chemotherapy in an advanced HCC patient who presented 
with refractory NICTH.

Introduction

Patients with advanced hepatocellular carcinoma (HCC) occa-
sionally develop a paraneoplastic syndrome that manifests as 
hypoglycemia, erythrocytosis, hypercalcemia or severe watery 
diarrhea, and is generally associated with a poor prognosis (1). 
Hypoglycemia, which normally occurs in advanced HCC, 
is understood to develop due to the tumor's high metabolic 
requirements. Hypoglycemia is typically mild; however, more 
severe reductions in blood sugar may occur, resulting in leth-
argy and confusion. Less than 5% of tumors secrete insulin-like 
growth factor II (IGF-II), which results in stimulation of the 
insulin receptors and increased glucose utilization and could 
cause severe symptomatic hypoglycemia (2,3). Hypoglycemia 
may be caused by several tumors, including islet and non-islet 
tumors. Non-islet cell tumor hypoglycemia (NICTH) is 
an uncommon but serious complication of malignancy (4). 
Systemic chemotherapy was previously demonstrated to lead 
to an unfavorable outcome for hypoglycemia in patients with 
HCC (3). We report herein the successful control of hypo-
glycemia with systemic chemotherapy in an advanced HCC 

patient who presented with refractory NICTH. The patient 
provided written informed consent.

Case report

A 54-year-old male presented at Chang Gung Memorial 
Hospital, Keelung, Taiwan in April 2012 due to a 2-month 
history of constant pain in the upper right abdomen and a weight 
loss of 9 kg in the previous 2 months. A clinical survey revealed 
chronic hepatitis B and multiple hepatic masses infiltrating both 
hepatic lobes. Ultrasonography-guided biopsy of the liver mass 
revealed tumor cells consistent with moderately differentiated 
HCC. A computed tomography (CT) scan revealed no evidence 
of extrahepatic spread of the tumor. Due to extensive tumor infil-
tration the hepatoma was considered to be inoperable and liver 
transplantation was not indicated at that time. The patient was 
then treated twice with selective hepatic artery chemoemboliza-
tion with doxorubicin. The patient refused further anti-cancer 
treatment and was lost to follow-up thereafter.

At the end of January 2013, the patient was readmitted to 
our hospital due to recurrent episodes of drowsiness, dizziness, 
confusion and sweating, which were particularly notable in the 
early morning and partially relieved after eating. A CT scan of the 
liver revealed massive liver enlargement and multilocular infil-
tration by hepatoma (Fig. 1). The patient was on no medications 
and had no underlying diabetes mellitus. Blood glucose was low 
(1.9 mmol/l) but administration of glucose reversed the symp-
toms, demonstrating that they were caused by hypoglycemia. 
Laboratory tests revealed elevated transaminase levels with 
AST 189 U/l (normal, <35 U/l), ALT 34 U/l (normal, <35 U/l), 
and hyperbilirubinemia with total bilirubin 1.9 mg/dl (normal, 
<1.5 mg/dl). However, frequent hypoglycemia episodes devel-
oped following admission. Further laboratory tests performed 
during the hypoglycemic episodes revealed suppressed insulin 
(<1 µU/ml) and C-peptide (0.15 ng/ml) levels, indicating that 
the hypoglycemia was not caused by endogenously or exog-
enously raised insulin levels. IGF-I levels (43.42 ng/ml; normal, 
81-225 ng/ml) were also suppressed. The IGF-II and ‘big’ IGF-II 
levels could not be measured at our institution. The patient 
experienced further recurrent hypoglycemia (four episodes 
of glucose levels lower than 3 mmol/l in 3 days) despite his 
monitored diet and a continuous intravenous infusion of 10% 
glucose water solution. Glucocorticoid treatment was started, 
but did not reduce the frequency or severity of hypoglycemic 
episodes. Glucagon caused a transient glycemic reaction with 
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rapid relief of symptoms initially but the effect was not lasting. 
The frequency and severity of the hypoglycemic symptoms 
further progressed and refractory hypoglycemia was suspected 
due to NICTH caused by advanced hepatoma.

Therapeutic strategies for NICTH involve reduction of the 
tumor mass or tumor load and palliative treatment of symptoms 
if curative attempts fail. In consideration of the treatment benefit 
and administration safety, palliative systemic chemotherapy 
with oxaliplatin and 5-fluorouracil/leucovorin (FOLFOX4) 
were started; i.e., oxaliplatin 85 mg/m2 intravenously (IV) on 
day 1; LV 200 mg/m2 IV from hour 0 to 2 on days 1 and 2; and 
5-FU 400 mg/m2 IV bolus at hour 2, then 600 mg/m2 over 22 h 
on days 1 and 2, once every 2 weeks. After two cycles of chemo-
therapy, the patient had not experienced any hypoglycemic 
attack, which allowed cessation of the corticoid and intravenous 
glucose. Grade 1 mucositis developed following chemotherapy, 
and was tolerated by the patient. The patient was then discharged 
from the hospital and maintained a good glycemic balance as an 
outpatient. However, chemotherapy was discontinued 3 months 
later due to further deterioration of the hepatic and pulmonary 
function with progression of the tumor. The patient succumbed 
to the disease at the end of June 2013.

Discussion

Severe hypoglycemia occurs in a small percentage of patients 
with non-islet cell tumors, usually of mesenchymal, vascular or 
epithelial cell types (4). NICTH is a rare but serious complica-
tion of the malignancy. HCC accounts for 23% of NICTH cases, 
making it the second-leading cause after mesenchymal tumors, 
which account for 45% of cases (5). Hypoglycemia in HCC is 
caused by impaired gluconeogenesis due to a decompensated 
liver (glucose underproduction) or by a high big IGF-II level 
produced by tumors, which results in stimulation of the insulin 
receptors and increased glucose utilization. In our patient, 
drug-induced hypoglycemia could be excluded, as the patient 
was not on any medication. Serum insulin and C-peptide levels 
were suppressed during hypoglycemia, indicating that the 
hypoglycemia was not caused by endogenously or exogenously 
raised insulin levels. In chronic liver disease and cirrhosis, 
the hepatic glucose metabolism is altered and hepatic glucose 

output in response to glucagon is decreased (6). However, at 
the onset of symptoms, our patient demonstrated no signs of 
advanced cirrhosis of the liver, hepatic function parameters 
were relatively normal, and the glycemic response to intrave-
nous glucagon was adequate. Therefore, the hypoglycemia was 
not considered to be due to advanced cirrhosis. The diagnosis 
of NICTH is made when a patient demonstrates low insulin 
and C-peptide levels together with an inappropriate increase 
in the ratio of IGF-II to IGF-I. Although measurements of the 
IGF-II and big IGF-II levels were not available for this patient, 
the low IGF-I, insulin and C-peptide levels noted during his 
attacks of hypoglycemia were suggestive of NICTH.

The treatment of NICTH involves immediate correction of 
hypoglycemia, treatment directed at the underlying malignancy 
and prevention of recurrent hypoglycemia in cases when it is 
not possible to control the tumor. Complete surgical resection 
remains the most effective therapeutic option (7); however, 
no effective therapy has emerged for advanced disease (8). 
Palliative treatment includes administration of counter-regu-
latory hormones including glucocorticoids, glucagon, growth 
hormone or octreotide (3,9), although the effects may be 
transient. Percutaneous ethanol injection (10) or intrahepatic 
doxorubicin (11) administration may be beneficial in inoperable 
patients. Systemic chemotherapy was previously reported to be 
ineffective for hypoglycemia in patients with HCC (3), which 
contradicts the results demonstrated in the present case.

In our patient with refractory hypoglycemia caused by 
advanced hepatoma, the effectiveness of systemic chemo-
therapy in controlling hypoglycemia may have been partly due 
to its antitumoral activity. Sorafenib, at the forefront of therapy 
for advanced HCC, was not reimbursed in Taiwan at that time 
and not affordable for the patient. The efficacy of conventional 
cytotoxic chemotherapy is modest at best. In Asia, systemic 
chemotherapy with oxaliplatin and 5‑fluorouracil/leucovorin 
(FOLFOX) is associated with a higher objective response rate 
(8% vs. 3%) and disease control rate (52% vs. 32%) compared 
with single-agent doxorubicin (12). Despite the relatively 
shorter progression-free and overall survival time with this 
regimen (2.93 and 6.4 months, respectively), it was associated 
with modest antitumor activity in disease control and may have 
a benefit in the treatment of NICTH, as observed in our patient 
who made a good recovery from hypoglycemia. In conclusion, 
systemic chemotherapy with FOLFOX should be considered 
as a therapeutic option for NICTH in advanced HCC patients 
in whom tumor removal by surgery cannot be performed.
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