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Abstract
Non-islet cell tumor hypoglycemia (NICTH) is a rare paraneoplastic syndrome associated with various malignancies, mediated by the 
overproduction of IGF-2. We describe a 24-year-old male with metastatic embryonal rhabdomyosarcoma who presented with severe 
symptomatic hypoglycemia. Workup confirmed suppressed insulin and ketone levels, with an IGF-2/IGF-1 ratio of 3.6 (<3). Hypoglycemia 
was initially managed with corticosteroids and dextrose-containing fluids without success. Since surgical debulking was not feasible due to 
tumor burden, recombinant human GH (rhGH) was considered. Somatropin was initiated at 1 mg daily and uptitrated to 2 mg daily over 2 
days, resulting in resolution of hypoglycemia with progressive tapering of dextrose-containing fluids and steroid doses. He was discharged on 
rhGH 2.7 mg daily with no further hypoglycemic episodes. This case highlights the challenges of NICTH, emphasizing the need for 
individualized treatment strategies. While the IGF-2/IGF-1 ratio did not meet the classic threshold (>10), other laboratory testing was 
suggestive of a non-insulin, IGF-2-mediated pathway. The use of rhGH for NICTH is not fully understood; however, it may be an important 
tool in preventing hypoglycemia in patients with nonresectable malignancies.
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Introduction
Non-islet cell tumor hypoglycemia (NICTH) is a rare phe
nomenon associated with various malignancies. This process 
is mediated through IGF-2, which, in normal physiology 
acts as a minor growth factor with a secondary role to 
IGF-1 [1]. IGF-1 is typically regulated by the hypothalamus- 
pituitary axis mediated by GH, while IGF-2 is not normally re
sponsive to GH [2]. However, in NICTH, IGF-2 is grossly 
overexpressed by tumor cells, especially of mesenchymal 
and epithelial origin, exerting an insulin-like effect on the 
body, promoting hypoglycemia by binding both IGF receptors 
and insulin receptors. The pathophysiology of NICTH is cen
tered on overproduction of IGF-2 with suppression of both in
sulin and IGF-1 [3, 4]. The interaction between IGF and 
insulin signaling pathways and their role in cancer progression 
has been previously documented [2]. This often presents as 
symptomatic fasting hypoglycemia, endogenous insulin and 
ketones suppression, and an elevated IGF-2/IGF-1 ratio. 
Other mechanisms of malignant hypoglycemia include wast
ing due to deficiency of gluconeogenic precursors and over
consumption of glucose by the tumor, often in the setting 
of hepatic glycogen depletion [5]. Overall, treatment of 
this condition is centered around reducing tumor burden, 
providing high carbohydrate nutrition, and medical 

management. These have been described with varying effi
cacy in the literature; however, the data is limited due to 
the scarcity of cases and limited long-term prognosis of 
many of these patients. In this case, we describe a young 
man with new-onset hypoglycemia in the setting of progres
sive, metastatic malignant disease necessitating trial of 
rhGH.

Case Presentation
A 24-year-old male with a prior diagnosis of metastatic embry
onal rhabdomyosarcoma complicated by deep vein thrombosis 
and atrial thrombi managed with aspiration thrombectomy, 
apixaban, and an inferior vena cava filter and a history of gun
shot wounds to the chest and abdomen presented with diffuse 
abdominal pain and altered mental status. His malignancy 
was diagnosed 3 years earlier following an orchiectomy for tes
ticular swelling, with pathology of the 11.5 cm mass confirm
ing a diagnosis of embryonal rhabdomyosarcoma (Fig. 1). He 
had 6 cycles of vincristine, dactinomycin, and cyclophospha
mide, achieving initial oncologic improvement. However, his 
disease course was complicated by pelvic recurrence 2½ years 
after diagnosis and 4 months prior to his current presentation, 
requiring percutaneous nephrostomy tube placement, surgical 
resection, and retroperitoneal lymph node dissection. He 
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subsequently declined additional chemotherapy and missed 
multiple follow-up appointments. Imaging 3 months postresec
tion revealed widespread abdominal recurrence, including hep
atic metastases. At this time, he was scheduled to begin 
additional chemotherapy, but prior to this, he presented to 
the hospital reporting progressive diffuse abdominal pain, 
20-pound weight loss over 3 months, difficulty urinating, and 
altered mental status. He presented with a weight of 51.9 kg 
(<5th percentile for race and age) and a body mass index of 
15.5 (<5th percentile), which was a significant downtrend 
from weights ranging in the 5th to 10th percentile in the past 
6 months.

On admission, the patient was hemodynamically stable but 
hypothermic to 34.3 °C and severely hypoglycemic (17 mg/dL 
(SI: 0.94 mmol/L) (reference range, 70-100 mg/dL [SI: 
3.89-5.55 mmol/L]) with loss of consciousness. He had no pri
or history of diabetes or hypoglycemia. Abdominal and pelvic 
computed tomography demonstrated extensive, heteroge
neously enhancing masses consistent with progressive malig
nant disease, moderate right-sided hydronephrosis due to 
mass effect, and progressive hepatic lesions consistent 
with prior noted metastases (Fig. 2A-2B). Persistent hypo
glycemia required dextrose 50% IV pushes and dextrose 
20% IV fluid at 200 mL/hour (12.85 mg/kg/min), prompt
ing endocrinology consultation. Figure 3 describes his gly
cemic course including hypoglycemic management within 
the first 160 hours following presentation. Pertinently, he 

reported experiencing diaphoresis, nausea, and confusion 
associated with low blood glucose, which improved with 
glucose treatment. He endorsed social alcohol consumption 
and recreational marijuana use. His appetite was recently 
diminished due to abdominal pain and constipation, but 
he consumed 2 to 3 protein shakes daily along with occa
sional solid foods.

Diagnostic Assessment
As the patient met criteria for Whipple triad, guideline- 
directed workup was initiated [6, 7]. Table 1 details notable 
lab work performed after pausing dextrose-containing fluids. 
The IGF-2/IGF-1 ratio was calculated to be 3.6, which did not 
align with the typical pattern of IGF-2-mediated hypogly
cemia, where this ratio is expected to be greater than 10. 
However, it is important to note the normal ratio is 3, and 
IGF-1 was suppressed (Table 1) [4]. He had no evidence of re
nal failure even in the setting of hydronephrosis, therefore, 
IGF binding protein 3 level was not measured. A glucagon 
stimulation test was not conducted due to the significant 
drop in glucose.

Treatment
Given his extensive disease burden, debulking surgery and en
teral feeding interventions were not feasible. Total parenteral 

Figure 1. Timeline of patient’s oncologic history.
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nutrition was not considered due to the higher risk for infec
tion associated with planned chemotherapy. A literature re
view identified potential management options, including 
corticosteroids, rhGH, and somatostatin analogs. The patient 
was already receiving IV dexamethasone 8 mg (prednisone 
equivalent 53.3 mg) daily per oncology chemotherapeutic 
protocols in addition to IV dextrose 20% fluids at rates 

between 150 and 200 mL/hour (9.63-12.85 mg/kg/min) with
out improvement in his hypoglycemia (Fig. 3). He was initi
ated on subcutaneous somatropin 1 mg, with subsequent 
titration to 2 mg daily, which allowed for slow tapering of 
IV dextrose fluids over 12 days and weaning off corticoste
roids (Fig. 3). The patient experienced a cessation of hypogly
cemic episodes with this uptitration.

Figure 2. (A-H) Abdomen and pelvis computed tomography from presentation notable for significant abdominopelvic and hepatic lesions consistent with 
known metastatic embryonal rhabdomyosarcoma. There is also moderate right renal hydronephrosis due to mass effect that did not require 
decompression.

Figure 3. Glycemic course over the initial 160 hours following presentation including hypoglycemic events and glycemic medication and fluid treatments. 
Abbreviations: D20, dextrose 20%; D50, dextrose 50%; IAM, doxorubicin, ifosfamide, and mesna therapy.
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Outcome and Follow-up
He was discharged on somatropin 2.7 mg subcutaneously after 
a 37-day hospital course including 2 cycles of doxorubicin, ifos
famide, and mesna chemotherapy. He continued to be free of 
hypoglycemic episodes 3 months after starting this therapy, at 
which point he discontinued it in conjunction with computed 
tomography imaging evidence of a significant decrease in ab
dominopelvic tumor burden, demonstrating excellent response 
to chemotherapy. His weight improved to 52.3 kg (<5th per
centile) at the time of discontinuation and further trended up 
to 56.2 kg (<5th percentile) in the subsequent months. He is 
scheduled for surgical resection of the remaining tumor burden 
in the near future. Notably, he has not had any hypoglycemic 
episodes since discontinuing therapy. Unfortunately, as he inde
pendently discontinued treatment and had a challenging early 
oncologic course, follow-up IGF levels were not obtained dur
ing therapy. Once off therapy, further testing was deemed an 
unjustified use of resources given his clinical status.

Discussion
This case describes a new-onset hypoglycemia in the setting of 
significant abdominopelvic tumor burden with hepatic metas
tases managed with somatropin after failing corticosteroids 
and IV dextrose-containing fluids. Differential diagnosis of 
hypoglycemia in patients without diabetes includes insulino
ma, noninsulinoma pancreatogenous hypoglycemia, postbari
atric hypoglycemia, insulin autoimmune hypoglycemia, and 
insulin secretagogue pathways. Alternative diagnoses includ
ing infection, poor nutritional intake, and hepatic failure 
were considered. In this case, the diagnosis of NICTH was 
complicated by an IGF-2/IGF-1 ratio less than 10 but above 
normal limits. The overall workup correlated with the clinical 
picture of IGF-2-mediated hypoglycemia with suppressed in
sulin, C-peptide, and proinsulin with a serum glucose less 
than 55 (Table 1) [6, 7]. Most importantly, ketone production 
was suppressed, indicating activation of insulin-mediated 
pathways in the setting of appropriate insulin suppression, 
likely through IGF-2 mediation. Ketones would be expected 

to be elevated if this was a non-insulin, non-IGF-mediated 
pathway [6]. As a result, we hypothesize the laboratory assay 
may not appropriately detect high molecular weight IGF-2 
that is most commonly expressed by tumor cells [7]. Another 
possibility is steroid administration prior to blood draws 
may have suppressed IGF-2 production [4, 8]. Finally, this 
may be multifactorial secondary to above normal IGF-2 pro
duction, reduced hepatic glycogen stores, and gluconeogenesis 
in the setting of metastases and poor nutrition, and excessive 
consumption from significant abdominopelvic tumor metabol
ic burden.

Diazoxide was not appropriate for this patient’s hypogly
cemia as initial laboratory data indicated suppression of en
dogenous insulin as well as concern that his blood pressures 
would not tolerate diazoxide-mediated vasodilation. Similarly, 
somatostatin analogs were not considered as these primarily 
suppress insulin secretion. Given the patient’s clinical picture, 
oncology was in agreement with a trial of rhGH, acknowledging 
the risk for tumor growth being outweighed by the benefits of 
preventing hypoglycemia.

The consensus for managing NICTH is for initial IV dex
trose management via central venous catheter, followed by 
surgical resection, and finally medical management [5]. 
Studies suggest glucagon infusion, corticosteroids, rhGH, 
and somatostatin analogs as potential options. A recent sys
tematic review looking at 172 studies, primarily case reports, 
included 233 patients with NICTH. Surgical resection was the 
most common initial treatment modality, performed in 47.2% 
of patients [9]. Embolization and radiotherapy were both used 
in 6% of cases [9]. Corticosteroids were the most frequently 
administered first-line medical therapy (39.1%), followed by 
octreotide (7.7%) and diazoxide (6.9%) [9]. No patients in 
the study received rhGH [9]. Importantly, the study noted 
only those patients who received surgical intervention had sig
nificantly improved odds of recovering, while those who re
ceived corticosteroids or octreotide were significantly less 
likely to improve [9]. Presumably the patients who did not 
undergo surgical interventions were more complex and poor 
surgical candidates. Thus, medical management of NICTH 
may be seen as a palliative measure. Overall, the consensus 

Table 1. Laboratory data from in-patient hypoglycemia workup

Lab Result Reference range

Serum glucose 30 mg/dL (SI: 1.67 mmol/L) 70-100 mg/dL [SI: 3.89-5.55 mmol/L]
Insulin 0.50 μU/mL (SI: 3.47 pmol/L) 4.00-30.00 μU/mL [SI: 27.78-208.35 pmol/L]
Proinsulin <2.0 pmol/L (SI: <2.0 pmol/L) ≤7.2 pmol/L [SI: ≤7.2 pmol/L]
C-peptide 0.1 ng/mL (SI: 0.03 nmol/L) 1.1-4.4 ng/mL [SI: 0.36-1.46 nmol/L]
Insulin antibody <0.4 units/mL (SI: <0.4 units/mL) 0.0-0.4 units/mL [SI: 0.00-0.40 units/mL]
Sulfonylurea panel Negative
β-hydroxybutyrate 0.04 mmol/L (SI: 0.04 mmol/L) 0.02-0.27 mmol/L [SI: 0.02-0.27 mmol/L]
TSH 4.850 μU/mL (SI: 4.85 μU/mL) 0.400-4.200 μU/mL [SI: 0.40-4.20 μU/mL]
Free T4 1.1 ng/dL (SI: 14.16 pmol/L) 0.6-1.5 ng/dL [SI: 7.72-19.30 pmol/L]
Cortisol (8 AM) 12.3 μg/dL (SI: 339.36 nmol/L) 8-25 μg/dL [SI: 220.72-689.75 nmol/L]
Cortisol (4 PM) 16.2 μg/dL (SI: 446.96 nmol/L) 4-20 μg/dL [SI: 110.36-551.80 nmol/L]
ACTH 6.7 pg/mL (SI: 1.48 pmol/L) 7.2-63.0 pg/mL [SI: 1.59-13.87 pmol/L]
IGF-1 45 ng/mL (SI: 5.90 nmol/L) 155-432 ng/mL [SI: 20.30-56.59 nmol/L]
IGF-2 162 ng/mL (SI: 21.22 nmol/L) 180-580 ng/mL [SI: 23.58-75.98 nmol/L]
IGF-2/IGF-1 ratio 3.6 <10
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of the literature is that surgical resection, when possible, is the 
most effective treatment, followed by other tumor burden re
duction modalities and finally medical management [10]. The 
Endocrine Society Clinical Practice Guidelines do not describe 
the management of hypoglycemia in patients without diabetes 
[6].

The use of rhGH has been reported in literature despite 
concerns regarding its potential to promote tumor growth 
(Table 2) [7]. The exact mechanism by which it prevents 
hypoglycemia remains unclear. However, it is hypothesized 
that at supraphysiologic doses, rhGH suppresses peripheral 
glucose uptake and increases IGF-1 levels, which may help 
normalize IGF-2 binding dynamics by promoting the forma
tion of binary and ternary complexes [4]. Additionally, 
rhGH may enhance hepatic glucose production through 
stimulation of glycogenolysis, gluconeogenesis, and lipoly
sis. The literature also suggests that glucocorticoids are ef
fective in this context by lowering IGF-2 levels and 
increasing IGF-1 concentrations [4].

Embryonal rhabdomyosarcoma is a rare cause of NICTH 
with only 1 other case being noted in a pediatric patient 
[27]. More common causes are fibrous tumors classically as
sociated with Doege-Potter syndrome (53.2%), followed by 
nonfibrous tumors of hepatic origin (9%), hemangiopericyto
mas (8.5%), and mesotheliomas (4.7%) [9]. Overall, this is a 
rare paraneoplastic syndrome that can occur in a wide variety 
of malignancies.

In summary, this case report discusses a 24-year-old male 
with metastatic embryonal rhabdomyosarcoma that pre
sented with new-onset symptomatic hypoglycemia requiring 
significant IV dextrose support. After failing corticosteroids 
per oncologic protocols, somatropin was started at 1 mg, 
then uptitrated to 2 mg, to wean the patient off IV dextrose. 
He was discharged on somatropin 2.7 mg daily and main
tained euglycemia for 3 months in association with improve
ment in tumor burden with chemotherapy. The use of rhGH 
appears to be an effective therapy for preventing hypogly
cemia in patients with high suspicion for NICTH who do 
not respond to other conventional therapies. While there is a 
theoretical possibility of tumor growth, in this limited case re
port, it does not appear that this risk affects the potential for 
chemotherapeutic reduction in tumor burden.

Learning Points
• NICTH is a rare paraneoplastic syndrome classically as

sociated with fibrous tumors but may be associated with 
a whole range of malignancies.

• Although NICTH is typically diagnosed with an IGF-2/ 
IGF-1 ratio greater than 10, a ratio below this threshold 
does not exclude the diagnosis, particularly in the presence 
of fasting hypoglycemia with suppressed insulin and ke
tones, findings consistent with IGF-2 mediated effects.

• Somatropin represents an effective alternative to dextrose- 
containing fluids and corticosteroids for the prevention of 
hypoglycemia. However, it is important to note that pa
tients may still respond favorably to chemotherapy, despite 
concerns regarding potential tumor-promoting effects.
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