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The Role of Glucagon Administration in the Diagnosis
and Treatment of Patients with Tumor Hypoglycemia

BACKGROUND. Tumor hypoglycemia can be recurrent and severe enough to inter-Ana Oliveira Hoff, M.D.1

fere with definitive antineoplastic treatment. Therefore, rapid commencement ofRena Vassilopoulou-Sellin, M.D.2

effective therapy is essential. This is best accomplished by identifying which of the

hypoglycemic processes is involved, as treatments differ. Some patients present1 Baylor College of Medicine, Houston, Texas,
with hypoglycemia and liver metastases; among them, only a few develop hypogly-Section of Endocrine Neoplasia and Hormonal

Disorders. cemia as a result of a failure of hepatic glucose production. Most develop hypogly-

cemia as a result of an insulin-mediated process—either the secretion of insulin2 Division of Medicine, the University of Texas
by an islet-cell tumor or the secretion of insulin-like growth factor-II by an extra-M. D. Anderson Cancer Center, Houston, Texas.
pancreatic tumor. Administration of glucagon can rapidly make the two groups

distinguishable, thus allowing institution of therapy and prompt symptomatic con-

trol of hypoglycemia.

METHODS. The charts of seven patients with tumor hypoglycemia and liver metasta-

ses who had a glucagon stimulation test (serial glucose measurements after a 1 mg

infusion of glucagon) as part of the workup for hypoglycemia were retrospectively

reviewed. Those patients whose test revealed a rise in serum glucose of ú30 mg/

dL were subsequently treated as outpatients, with a continuous glucagon infusion

delivered by a portable pump.

RESULTS. Three patients had an insulinoma and four had non-islet cell tumor

hypoglycemia (NICTH) due to hepatocellular carcinoma, colon carcinoma, menin-

geal sarcoma, and hemangiopericytoma, respectively. All of the patients had liver

metastateses. Evaluation of these patients included a glucagon stimulation test (1

mg intravenous push), which quickly provided information about the mechanism

of tumor hypoglycemia and the direction towards therapy. All patients with insu-

linoma responded to glucagon with a rise in blood serum glucose levels, indicating

adequate glycogen stores. The four patients with NICTH had mixed responses: in

two patients, the response suggested that hypoglycemia was due to an insulin-like

tumor product; glucose levels did not rise in the other two cases, indicating that

hypoglycemia was due to poor hepatic glycogen reserve/liver failure. In all cases,

a glycemic response to glucagon predicted good response to long term treatment

with glucagon (0.06–0.3 mg/hour, via intravenous infusion pump).
Presented in part at the Annual Meeting of the CONCLUSIONS. The glucagon stimulation test is a simple and fast approach that
Endocrine Society. serves to clarify the etiology of hypoglycemia (diagnostic use) and guide effective

long term strategies for its control (therapeutic use) in patients with neoplastic
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important, often interferes with definitive antineoplastic treatment.
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q 1998 American Cancer Society

/ 7bc0$$1078 03-25-98 18:14:26 cana W: Cancer



1586 CANCER April 15, 1998 / Volume 82 / Number 8

Two broad categories of tumors are associated with c-peptide by immunoassay (Smith Kline Beecham, St.
Louis, MO), insulin by immunoassay (Smith Klinehypoglycemia: insulin-secreting islet-cell tumors (in-

sulinomas) or non-islet-cell tumors. Non-islet-cell tu- Beecham, St. Louis, MO), and growth hormone by im-
munoassay (Smith Kline Beecham, Van Nuys, CA.)mor hypoglycemia (NICTH) is associated with mesen-

chymal tumors, such as hemangiopericytomas, fibro-
Glucagon Infusionsarcomas, mesotheliomas, and neurofibromas, as well
Glucagon (1 mg/mL, Eli-Lilly, Indianapolis, IN) in a 50as other tumor types, such as hepatocellular carcino-
mL solution of D5W was infused by a portable In-mas, neuroblastomas, and adrenal cortical carcino-
fumed pump (Medfusion, Inc., Duluth, GA) through amas.1,2 Metastatic involvement of the liver is a com-
central line at a rate of 0.06–0.30 mg/hour. The gluca-mon feature of many of these tumors, but the vast
gon dose was titrated to keep serum glucose levelsmajority of patients with liver metastases do not have
within the normal range.hypoglycemia.3 Therefore, the subset of patients with

liver metastases who present to the emergency room Case Histories
with hypoglycemia frequently pose a diagnostic and Patient 1
therapeutic dilemma. Liver failure or an insulin-medi- A woman age 61 years presented with a several-month
ated or insulin-like–mediated process are possible history of episodes of confusion, impaired memory,
causes of the hypoglycemia. Distinguishing which of and fainting. The diagnosis of insulin-secreting islet-
these processes is involved is of the utmost impor- cell tumor was based on her low serum glucose level
tance, as management and prognosis differ.1,3 In our (30 mg/dL) and inappropriately high serum insulin
experience, it is possible to distinguish these entities (50mU/mL, normal 5–25mU/mL), c-peptide (7.8 ng/
quickly and reliably with a glucagon stimulation test.4,5

mL, normal 0.8–4 ng/mL), and proinsulin levels (6.32
Patients who demonstrate a glycemic response are ng/mL, normal õ0.2ng/mL). Computed tomography
candidates for short term or, if necessary, long term (CT) revealed metastatic liver disease, and biopsy re-
infusion of glucagon, which controls hypoglycemia sults were consistent with metastatic neuroendocrine
while more definitive treatments, such as surgery or carcinoma. The patient was treated initially with sys-
systemic chemotherapy, are still being administered. temic chemotherapy, which included 5-fluorouracil

We retrospectively reviewed seven patients with (5-FU) and leucovorin, but without success. In Decem-
tumor-associated hypoglycemia and liver metastases ber 1995, she presented to our institution, where she
who underwent a glucagon test as part of their workup. received three courses of streptozocin and doxorubi-
Those who responded to this test were subsequently cin, but her tumor progressed. The recurrent episodes
treated with continuous glucagon infusions. of hypoglycemia were disabling and unresponsive to

dietary measurements, diazoxide, and 10% glucose in-
MATERIALS AND METHODS fusion. In January 1996, a glucagon stimulation test
Patients was performed to evaluate her hepatic glycogen stores;
The charts of seven patients who presented to the Uni- she responded with a rise in serum glucose (Fig. 1). A
versity of Texas M. D. Anderson Cancer Center be- continuous infusion of glucagon (0.2 mg/hour, deliv-
tween 1982 and 1996 with tumor hypoglycemia and ered by an infusion pump) in addition to a glucose
had a glucagon stimulation test were retrospectively infusion was then started and resulted in adequate
reviewed. Three patients had insulinoma and four had control of her hypoglycemia. In February 1996, the
NICTH; all seven patients had liver metastases. patient developed severe diarrhea, hypokalemia, and

metabolic acidosis, which were found to be due to
Glucagon Test tumor vasoactive intestinal peptide (VIP) hypersecre-
Glucagon (1 mg/mL, Eli-Lilly, Indianapolis, IN) was tion. She subsequently underwent three hepatic artery
given by intravenous infusion over 2 minutes. Blood embolizations, which improved the serum glucose
was collected with an indwelling catheter at 010, 0, level transiently but enough to allow discontinuation
15, 30, and 45 minutes and checked for serum glucose of the glucose infusion. The glucagon infusion was
levels after an overnight fast or during an episode of maintained at a rate of 0.25 mg/hour until her death
spontaneous hypoglycemia. in July 1996. Her last visit to the outpatient clinic was

in July 1996; home blood glucose monitoring had re-
Laboratory Tests vealed blood sugars between 76 and 170 mg/dL.
Insulin-like growth factor II (IGF-II) was measured by
radioimmunoassay (Endocrine Sciences, Calabasas Patient 2

A woman age 66 years was diagnosed with islet-cellHills, CA), insulin-like growth factor I (IGF-I) by radio-
immunoassay (Smith Kline Beecham, St. Louis, MO), carcinoma in 1984. She underwent a distal pancreatec-
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serum glucose levels improved and the glucagon infu-
sion was decreased to 0.2 mg/hour. She was main-
tained on the glucagon infusion at home until April
1991, when it was discontinued because of hyperglyce-
mia. At that time, because of progressive metastatic
disease and poor oral intake, she was started on cen-
tral hyperalimentation, which controlled her glucose
levels until her death in November 1991.

Patient 3
A white woman age 54 years presented with a 3-month
history of dizziness and confusion. In September 1996,
she was found to be hypoglycemic, and her workup
revealed inappropriately high insulin and c-peptide
levels. She then underwent a distal pancreatectomy, a
splenectomy, a partial omentectomy, and a liver bi-
opsy. The pathologic findings were consistent with a
poorly differentiated neuroendocrine carcinoma met-
astatic to the liver and spleen. She then began receiv-
ing somatostatin (100 mg every 6 hours) and regular
feedings, but control of the hypoglycemia was poor.
In October 1996, she received chemotherapy (5-FUFIGURE 1. Results of a glucagon test are shown for patients with tumor
and streptozocin) and was placed on diazoxide in anhypoglycemia and liver metastases. A glucose response (a rise of ú30
attempt to control the hypoglycemic episodes. In No-mg/dL) was observed in patients with an insulin-mediated process (insu-
vember 1996, she presented to our institution and re-linoma) and in patients with an insulin-like–mediated process (hemangio-
ported severe and frequent hypoglycemic episodes. Atpericytoma or meningeal sarcoma). A blunt response to glucagon stimula-
presentation, her serum glucose level was 41 mg/dLtion indicated poor glycogen stores or an inability to release glycogen
(Fig. 2); glucagon infusion at 0.3 mg/hour was then(hepatoma or colorectal carcinoma).
administered, which controlled serum glucose at a
mean level of 151 mg/dL, allowing the right posterior
aspect of the liver to be embolized with Gelfoam pow-tomy and a liver biopsy, which revealed metastatic

disease. In 1985, she developed diarrhea and her gas- der. The glucagon requirement then decreased to the
very low dose of 0.06 mg/hour at night, and the patienttrin and pancreatic polypeptide levels were elevated.

A CT scan of the abdomen revealed progression of was sent home. She returned for a second hepatic
artery embolization (HAE), again to the right lobe ofliver metastases. She underwent hepatic artery embo-

lization in January 1986 and hepatic artery chemoem- the liver, a month later. At home, her glucose level
ranged from 80 to 182 mg/dL (Accu-Check ADVAN-bolizations in February, April, and July of 1986, with

transient improvement of diarrhea. When her symp- TAGETM, Boehringer Mannheim, Indianapolis, IN). In
the hospital, glucagon was given at 0.1 mg/hour, lefttoms recurred, somatostatin (100 mg subcutaneously

3 times a day) was administered, resulting in transient HAE with Gelfoam powder was performed, and again
her glucagon requirement dropped to 0.06 mg/hour.improvement. In 1987, she developed hypoglycemia

associated with elevated levels of insulin and c-pep- In January 1997, she presented to our clinic and re-
ceived glucagon 0.05 mg/hour at night and frequenttide. Another hepatic artery embolization was per-

formed; diazoxide and hydrochlorothiazide (50 mg feedings during the day; her serum glucose was 60
mg/dL. She was admitted for another HAE (in the re-orally 3 times a day) were administered. Serum glucose

levels were under control until December 1989, when maining part of right lobe) and sent home on glucagon
therapy at 0.06 mg/hour. Since then she has had aher hypoglycemia became progressively worse despite

increasing doses of diazoxide. At that time her serum fourth HAE (left lobe of the liver) and has remained
stable on glucagon therapy at 0.06 mg/hour. She wasglucose level was 28 mg/dL, insulin was 82mU/mL, and

c-peptide was 3.4 ng/mL. In May 1990 a glucagon test stable at last follow-up in June 1997.
was performed (Fig. 1) and glucagon infusion at 0.3
mg/hour was administered, with good control of glu- Patient 4

A woman age 26 years was diagnosed with an intratho-cose levels. The patient received two courses of sys-
temic chemotherapy (streptozotocin and 5-FU); her racic hemangiopericytoma metastatic to the liver and
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FIGURE 2. Serum glucose levels are shown for Patient 3, who had insulinoma before and after treatment with glucagon and hepatic artery embolization
(HAE). At presentation, serum glucose was 41 mg/dL; the hypoglycemia had been unresponsive to somatostatin, diazoxide, frequent meals, and systemic
chemotherapy. The patient began to receive glucagon (0.3 mg/hour), and HAE was performed, which resulted in decreased requirement of glucagon.
She has undergone three more HAEs and has been stable on glucagon 0.06 mg/hour overnight (serum glucose levels from March and April are not
shown).

kidney in 1980. She received neoadjuvant chemother- stable disease since then. She was last seen in the
outpatient clinic in January 1997; her serum glucoseapy, which included cyclophosphamide, doxorubicin,

and dacarbazine, followed by resection of the mass level was 103 mg/dL.
and postoperative chemotherapy and radiation ther-
apy. The patient was free of disease until October 1994, Patient 5

A man age 38 years6 was diagnosed with meningealwhen she presented with severe hypoglycemia. Her
serum glucose level was 28 mg/dL. Insulin, c-peptide, sarcoma in 1978. He was treated with surgery in 1978,

and again in 1984, when the sarcoma recurred. Ingrowth hormone, and IGF-I levels were suppressed:
õ3 mU/mL, õ0.1 ng/mL, 1.2 mg/mL, and õ 10 ng/ 1986, he was found to have metastases to the right

hip, which were treated with intra-arterial cisplatinmL, respectively (normal IGF-I, 116–270 ng/mL). IGF-
II level was normal (518 ng/ml; range, 358–854 ng/ml; plus radiation therapy. In 1988, he developed liver me-

tastases and underwent 12 courses of systemic chemo-normal, 288–736 ng/mL). A CT scan of the abdomen
revealed a large mass replacing the right lobe of the therapy consisting of ifosfamide. In 1989, he presented

with hypoglycemia. His serum glucose level was 23liver. A glucagon test resulted in a rise of serum glucose
from 28 mg/dL to 108 mg/dL (Fig. 1). She then began mg/dL. Insulin, c-peptide, and IGF-I levels were sub-

normal: 2 mU/mL, õ0.3 ng/mL, and 135 ng/mL (nor-receiving a continuous infusion of glucagon (0.3 mg/
hour), which achieved good control of serum glucose mal from 20 controls, 384 { 196 ng/mL [mean { stan-

dard deviation]). His IGF-II level was elevated (2373levels. Interferon and cis-retinoic acid were given with-
out success. Because of progressive disease, she un- ng/mL compared with 634 { 190 ng/mL found in 20

normal controls). The patient was treated with humanderwent hepatic chemoembolization with ivalon and
cisplatin in January 1995. At that time (3 months after growth hormone administered intramuscularly at 0.1

mg/kg in 2 divided doses daily for 8 weeks. There wasthe initiation of glucagon) she was also found to have a
rash, which resolved when glucagon was discontinued; a transient improvement of the hypoglycemia, but

then the growth hormone injections were discon-thereafter, a 10% glucose infusion at 100 mL/hour was
started and maintained for several months in an out- tinued due to progressively worse hypoglycemic epi-

sodes and arthritic symptoms. Intravenous adminis-patient setting. A second chemoembolization as well
as systemic chemotherapy (7 courses of doxorubicin tration of 1 mg of glucagon produced a rise in the

serum glucose level from 82 mg/dL to 163 mg/dL (Fig.and ifosfamide) resulted in complete normalization of
serum glucose levels, and the glucose infusion was 1). The patient then began to receive continuous-infu-

sion glucagon at 0.3 mg/hour; this abated the hypogly-discontinued. The patient has been euglycemic with
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cemic episodes and permitted another trial of chemo- tastases. We utilized the 1-mg glucagon stimulation
test as a strategy to define better the differential diag-therapy with interferon-a and vinblastine sulfate. This

treatment controlled the hypoglycemia, and glucagon nosis and develop a treatment plan. The patients who
responded were then treated with continuous-infu-was discontinued 6 months after its initiation. The

patient remained euglycemic until his death from pro- sion glucagon for several months, which allowed good
glycemic control in the outpatient setting and imple-gressive metastatic disease in 1991.
mentation of more definitive treatment. The three pa-

Patient 6 tients who had insulinoma presented with elevated
A man age 70 years was diagnosed with adenocarci- insulin and c-peptide levels as well as pathologic evi-
noma of the colon in 1995. He underwent sigmoidec- dence of pancreatic neuroendocrine carcinoma. The
tomy in April of 1995, and examination of his liver triad of hypoglycemia, a non-islet-cell tumor, and hy-
revealed metastatic disease. He was treated with 5- poinsulinemia, in addition to low IGF-I and growth
fluouracil and leucovorin, with progression of disease, hormone levels, and normal or elevated IGF-II levels
and was also treated with cyclohexylchloroethylnitro- were indicative of non-islet-cell tumor hypoglycemia
sourea (CCNU), which resulted in severe myelosup- in Patients 4–7. Patients 4 and 5 (who had hemangio-
pression. In May 1996, he presented to the emergency pericytoma and meningeal sarcoma, respectively) re-
room with a serum glucose level of 16 mg/dL; he was sponded to glucagon, supporting the diagnosis of par-
given a 50% glucose infusion and his serum glucose aneoplastic insulin-like secretion. However, Patients 6
level rose to 93 mg/dL. At a serum glucose level of 33 and 7 (who had adenocarcinoma of the colon and
mg/dL, his insulin, c-peptide, and growth hormone hepatocellular carcinoma, respectively) also presented
levels were suppressed (3 mU/mL, 0.1 ng/mL, and 0.1 with hypoglycemia and hypoinsulinemia that was con-
ng/mL, respectively). A 10% glucose infusion at 80mL/ sistent with non-islet-cell tumor hypoglycemia but did
hour overnight was administered, but his serum glu- not respond to the glucagon stimulation test, indicat-
cose level dropped to 40 mg/dL. A 1-mg stimulation ing a diagnosis of liver failure or hepatic fuel depletion.
glucagon test failed to raise the patient’s serum glu- The glucagon test 7–9 has been used to distinguish
cose level (Fig. 1), indicating poor glycogen stores or between an insulin-mediated or insulin-like–medi-
impaired gluconeogenesis. In fact, there was evidence ated hypoglycemia and hypoglycemia induced by liver
of hepatic insufficiency, as liver function tests values failure. After an overnight fast, the former responds
were abnormal (lactate dehydrogenase, 1144 IU/L; to- with a rise in serum glucose levels, which is the result
tal bilirubin, 2.1 mg/dL; albumin, 2.6 g/dL; alkaline of increased hepatic glucose production and indicates
phosphatase, 587 IU/L; alanine aminotransferase,õ16 adequate hepatic glycogen stores. The latter shows no
IU/L). The patient was treated with a 20% glucose infu- rise in serum glucose levels, indicating poor hepatic
sion and methylprednisolone (40 mg daily) until his glycogen stores or inability to release them.
death 24 days after hospital admission. The glucagon stimulation test has scarcely been

discussed in the recent literature. In the 1960s, an ex-Patient 7
acerbated insulin response to intravenous administra-A man age 34 years was diagnosed with hepatocellular
tion of glucagon was a strategy to define better thecarcinoma in 1981. Despite four courses of systemic
diagnosis of insulinoma.10 In tumor hypoglycemia, itchemotherapy (5-flourodeoxyuridine, doxorubicin,
has been used mainly in the differential diagnosis and,and mitomycin C), his disease progressed with pulmo-
more specifically, in the identification of the mecha-nary metastases. In December 1981, he underwent he-
nism of hypoglycemia.9 In our experience, this test ispatic artery embolization. In March 1982, he presented
not only helpful in determining the differential diag-to the emergency room and was diaphoretic, tachycar-
nosis, but is also an easy and fast way to help us decidedic, and semicomatose. His serum glucose level was
on an effective treatment, as all patients who re-10 mg/dL and his insulin level was suppressed at 3 mU/
sponded to it also responded to prolonged glucagonmL. A chest X-ray and ultrasound scan of his abdomen
infusion.revealed progression of disease. No response to the

In oncology the most common cause of chronicglucagon stimulation test was elicited (Fig. 1). He
hypoglycemia is an insulin-secreting islet-cell tumor;failed to respond to diazoxide treatment and was given
the next most common cause is a tumor producinga 50% glucose infusion via a pump until his death in
IGF-II.4 Liver failure and increased glucose consump-April 1982.
tion by the tumor are less common and may be addi-
tional factors contributing to the development of hy-DISCUSSION

We describe our experience with seven patients (Table poglycemia. Nadler and Wolfer11 described the first
case of non-islet-cell tumor hypoglycemia (NICTH) in2) who had severe tumor hypoglycemia and liver me-
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TABLE 1
Patient Characteristics

Patient Liver Response to Duration of glucagon Survival after diagnosis
no. Diagnosis Age/gender metastases glucagon test treatment of hypoglycemia

1 Insulinoma 61/F Yes Yes 6 mos 10 mos
2 Insulinoma 65/F Yes Yes 11 mos 4 yrs
3 Insulinoma 54/F Yes 6 mos 6 mos
4 Hemangiopericytoma 26/F Yes Yes 4 mos 21/2 yrs
5 Meningeal sarcoma 38/F Yes Yes 6 mos 2 yrs
6 Colorectal carcinoma 70/M Yes No — 24 days
7 Hepatoma 34/M No — 25 days

TABLE 2
Laboratory Values at Diagnosis at Hypoglycemiaa

Patient Glucose Insulin c-peptide
no. Diagnosis (mg/dL) (mU/mL) (ng/mL) IGF-II GH

1 Insulinoma 30 50 7.8
2 Insulinoma 28 82 3.4
3 Insulinoma 41 207 10.8
4 Hemangiopericytoma 28 õ3 õ0.1 518 1.2
5 Meningeal sarcoma 23 2 õ0.3 2373
6 Colorectal carcinoma 16 3 0.1
7 Hepatocellular carcinoma 10 3

IGF-II: insulin-like growth factor II; GH: growth hormone.
a Normal levels: glucose, 70–110 mg/dL; insulin, 5–25 mU/mL; c-peptide, 0.8–4 ng/mL; IGF-2, 288–736 ng/mL.

a man age 30 years with a hepatocellular carcinoma IGF-I or II, insulin-like growth factor binding protein-
III (IGFBP-III), and an acid-labile subunit; and a 50-involving 80% of his liver; the hypoglycemia was

thought to be secondary to hepatic destruction. In KDa complex (active), which is composed of an IGF
and a low-molecular-weight IGFBP.15 In NICTH, due1930 Doege et al.12 were the first to speculate that

‘‘hyperinsulinism’’ was responsible for NICTH, as tu- to an abnormal, high-molecular-weight IGF-II as well
as decreased levels of IGFBP-III and acid-labile sub-mor extract injected into rabbits caused hypoglycemia.

Since then, the pathophysiology of NICTH has been unit (ALS), more of the 50-KDa complex is formed,
which allows the IGF-II to be more available to targetextensively studied,8,13 but only recently has it been

better understood. Insulin levels in patients with tissues, resulting in hypoglycemia.2,16,17 High-molecu-
lar-weight IGF-II (E-21) was not measured in our pa-NICTH are not high but are appropriately suppressed

to the low glucose level. It is now known that IGF- tients, but the fact that two of the patients with NICTH
responded to the glucagon stimulation test stronglyII mediates the hypoglycemia in these patients. It is

noteworthy that the serum level of IGF-II is normal in suggests that hypoglycemia was IGF-II–mediated.
Liver metastases are frequently observed in pa-most cases,2 and the reason is that the tumor produces

an increased amount of IGF-II, which is poorly pro- tients with islet-cell and non-islet-cell tumor hypogly-
cemia. All of our patients presented with liver metasta-cessed. Therefore, a high-molecular-weight form of

IGF-II that cannot be detected by routine IGF-II assays ses, but in only two did it result in sufficient destruc-
tion of functional hepatic tissue to cause impairedis released into the circulation. To overcome this diffi-

culty, Daughaday et al. have developed an assay able glucose production and hypoglycemia. In fact, liver
failure in this setting is a rare cause of tumor hypogly-to detect the first 21 amino acids of the E-domain (E-

21) of pro-insulin-like growth factor II (‘‘big’’ IGF-II).14 cemia,1,3 as spared hepatic tissue is often able to com-
pensate with enough glucose output to maintain eug-As a protective mechanism against hypoglycemia,

IGFs are carried in the circulation by two protein com- lycemia. In our experience, liver failure–induced hy-
poglycemia was associated with a poor response toplexes: 150-KDa complex (inactive), which consists of
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any treatment modality and a grave prognosis; both these patients; it is a fast method that allows the deter-
mination of which patients will respond to glucagon,our patients died within 1 month of developing hypo-

glycemia (Table 1). These patients can be identified an effective and safe outpatient treatment.
not only by abnormal liver function tests but also by
a flat glucose response to the glucagon stimulation
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