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YPOGLYCEMIA is a condition commonly
seen in the emergency department and is
usually caused by insulin or sulfonylurea

therapy for diabetes mellitus. Tumor-induced hypo-
glycemia occurs more rarely and can involve several
mechanisms, according to whether the tumor is of
pancreatic islet-cell origin or of extrapancreatic, non–
islet-cell origin.
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 The pancreatic islet beta-cell tumors
(insulinomas) cause hypoglycemia by producing
excessive insulin. In contrast, non–islet-cell tumors
can cause hypoglycemia in any of several ways. They
include release by the tumor of insulin-like growth
factor II or its high-molecular-weight precursor,
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multiple metastases to the liver, massive tumor bur-
den, or rarely, the production of autoantibodies to
insulin or its receptor.
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 However, there is consider-
able debate over whether non–islet-cell tumors can
secrete insulin.

 

1

 

Small-cell cancers arise most commonly in the
lung but can occur at many sites in the body, includ-
ing the uterine cervix.
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 Their origin is uncertain,
but they all have a neuroendocrine phenotype char-
acterized by the presence of neurosecretory granules

H

 

that contain several different neuropeptides. Indeed,
small-cell cancers are known to secrete neuropep-
tides and to proliferate in response to a variety of
other neuropeptides.
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 Here, we describe a patient
with small-cell carcinoma of the cervix who had symp-
tomatic hypoglycemia that was relieved by intravenous
administration of glucose and that was associated
with inappropriately high serum immunoreactive in-
sulin, C-peptide, and proinsulin concentrations.

 

CASE REPORT

 

In November 1997, a 29-year-old-woman presented to her
family doctor with intermenstrual bleeding. Physical examination
revealed a tumor of the cervix, and subsequent biopsy in the gy-
necology department of the local hospital revealed invasive squa-
mous-cell carcinoma. Computed tomographic (CT) scans of the
chest, abdomen, and pelvis and a radionuclide bone scan showed
no evidence of metastatic disease. In December 1997, a total hys-
terectomy and a pelvic lymphadenectomy were performed. The
initial finding on histologic examination of the cervix was report-
ed to be an invasive, poorly differentiated, nonkeratinizing, small-
cell–squamous-cell carcinoma of the cervix, with 1 of 18 lymph
nodes involved.

Soon after discharge, the patient became anorexic and lost
weight; subsequently, she began to have increasing pain in the
right buttock that radiated to the knee. She also noted intermit-
tent symptoms of hypoglycemia, including sweating, palpitation,
tremor, weakness, and confusion, which occurred predominantly
in the early morning and were relieved by eating chocolate. Five
weeks after surgery, she collapsed at home and was found within
minutes by her husband, who reported that she was unconscious
and sweating profusely. On admission to the hospital, she had a
blood glucose concentration of 12 mg per deciliter (0.7 mmol
per liter). She recovered consciousness rapidly in response to the
intramuscular administration of 1 mg of glucagon and intrave-
nous administration of 50 ml of 50 percent glucose. However, a
continuous infusion of 10 percent glucose was required to main-
tain normoglycemia.

Physical examination after the patient’s recovery from hypogly-
cemia was reported to be normal. Blood counts and serum urea,
electrolyte, and cortisol concentrations were normal. Liver-func-
tion tests revealed high serum concentrations of alkaline phos-
phatase, alanine aminotransferase, and 

 

g

 

-glutamyltransferase. Mag-
netic resonance imaging (MRI) of the abdomen and pelvis
revealed multiple metastases to the liver and a large mass extend-
ing from the right half of the sacrum into the pelvis. These results
suggested that the hypoglycemia may have been due to the in-
volvement of the liver with the tumor. However, when the pa-
tient’s blood glucose concentration was less than 40 mg per dec-
iliter (2.2 mmol per liter), the serum insulin, proinsulin, and
C-peptide concentrations were inappropriately high (Table 1).
The serum concentrations of insulin-like growth factors I and II
were normal. A test for sulfonylurea drugs in the serum was neg-
ative. Seven days after admission, treatment with octreotide (50

 

m

 

g subcutaneously three times daily) was begun to inhibit the re-
lease of insulin. One day later, urinary retention developed, with
loss of sensation in the distribution of the third and fourth right
sacral nerves and weakness in the right leg. A catheter was insert-
ed, treatment with dexamethasone (8 mg orally twice daily) was
begun, and the patient was transferred to Charing Cross Hospital
for further treatment of the rapidly progressing tumor.

On admission, an MRI of the spine revealed a pelvic–sacral
mass encasing the L5 and S1 roots, an intramedullary metastasis
between C4 and C7, and evidence of metastases within several
vertebral bodies. A radionuclide bone scan revealed multiple bony
metastases. Review of sections of the cervix obtained after the
hysterectomy and lymphadenectomy revealed that the tumor was
in fact a poorly differentiated small-cell carcinoma (Fig. 1A). Im-
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munocytochemical studies demonstrated that the majority of the
cells in the tumor contained insulin (Fig. 1B) and neuron-specific
enolase. Scattered cells were positive for chromogranin, glucagon,
glucagon-like peptide 2, pancreatic polypeptide, somatostatin, and
gastrin but not for bombesin, amylin, or vasoactive intestinal pep-
tide. In situ hybridization confirmed the presence of proinsulin
messenger RNA (mRNA) in the tumor (Fig. 2).

Radiotherapy of the pelvis and cervical spine and concurrent
chemotherapy with cisplatin and etoposide were begun immedi-
ately.
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 The strength and sensory function of the patient’s right
leg improved, and a CT scan of the liver showed a decrease in the
size of several metastases. In parallel with this clinical improvement,
the serum insulin concentration dropped (Fig. 3). However, hypo-
glycemic control remained difficult to maintain and required the
introduction of diazoxide therapy (100 mg intravenously three
times daily),
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 increasing volumes and concentrations of intrave-
nous glucose, and bendroflumethiazide (2.5 mg orally once daily).
Treatment with octreotide was stopped because it did not decrease
the requirement for glucose. Continuous infusions of potassium
were needed to maintain normal serum potassium concentrations.

A second course of chemotherapy identical to the first was giv-
en, after which pancytopenia developed. Radiotherapy was dis-
continued, and supportive therapy, including administration of
granulocyte colony-stimulating factor, blood products, and anti-
biotics, was begun. Twelve days after the second course of che-
motherapy was begun, small-bowel obstruction developed. Septic
shock and disseminated intravascular coagulation followed. De-
spite continued supportive measures, multiorgan failure ensued,
and the serum insulin concentrations increased (Fig. 3). The pa-
tient died 28 days after her admission to Charing Cross Hospital.

Postmortem examination confirmed that death was due to
disseminated intravascular coagulation caused by 

 

Escherichia coli

 

septicemia, with associated extensive bowel infarction. In addition
to the tumor within the pelvis, tumor tissue identical to that of
the original primary tumor of the cervix was found to have largely
replaced the liver. Sections of the adrenal glands and the pancreas
obtained at 5-mm intervals were macroscopically and histologi-
cally normal.

 

METHODS

 

Hormone Assays

 

Serum insulin was measured by three methods, each at an in-
dependent laboratory: a one-step, chemiluminescent, immunoen-
zymatic assay (Sanofi-Pasteur Diagnostics, Marnes-La-Coquette,
France) in which cross-reactivity with proinsulin is less than 0.2 per-
cent; an automated enzyme-linked immunosorbent assay (Roche
Diagnostics, Lewes, United Kingdom) in which cross-reactivity
with proinsulin is 40 percent; and a manual enzyme-linked immu-
nosorbent assay (Mercodia Diagenics, Newark, United Kingdom)
in which cross-reactivity with proinsulin is 54 percent. Time-
resolved fluorometric assays were used to measure serum C pep-
tide (Wallac Oy, Turku, Finland, manufactured by Dako, High
Wycombe, United Kingdom) and serum proinsulin.
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 Serum insu-
lin-like growth factor I was measured by enzyme-linked immuno-
sorbent assay (Immunodiagnostic Systems, Boldon, United King-
dom), and serum insulin-like growth factor II and its precursor
were measured by competitive radioimmunoassay.
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*Serum was collected when the patient’s blood
glucose concentration was low and was sent to three
independent laboratories for measurement of insulin,
which is expressed as the mean (±SD) concentration.
The serum proinsulin and C-peptide results are from
a single laboratory. To convert values for blood glu-
cose to millimoles per liter, multiply by 0.05551. To
convert values for serum insulin to picomoles per
liter, multiply by 6. To convert values for serum pro-
insulin to picomoles per liter, multiply by 106. To
convert values for serum C peptide to nanomoles per
liter, multiply by 0.33.
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Blood glucose (mg/dl) 16 >40

Serum insulin (µU/ml) 910±95 <5

Serum proinsulin (ng/ml) 1 <0.2

Serum C peptide (ng/ml) 10.1 <1

 

Figure 1.

 

 Sections of Small-Cell Carcinoma of the Cervix in a
Patient with Hypoglycemia.
The tumor was composed of cells with round-to-oval vesicular
nuclei and scant cytoplasm, arranged in cords and nests that
infiltrated the wall of the cervix (Panel A). Numerous mitotic
figures are visible (hematoxylin and eosin, ¬80). In Panel B, the
majority of cells contain insulin (stained brown) (anti-insulin
serum, ¬100).
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Immunohistochemical Studies

 

Sections 5 

 

m

 

m thick were immunostained by incubation with
avidin–biotin–peroxidase complex (Vector Laboratories, Burlin-
game, Calif.)
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 and exposure to diaminobenzidine. The primary
antibodies were directed against neuron-specific enolase (Dako),
chromogranin (Boehringer Mannheim, Lewes, United Kingdom),
insulin (Miles Laboratories, Slough, United Kingdom), pancreatic
polypeptide (Eli Lilly, Indianapolis), and somatostatin (Immuno
Nuclear, Stillwater, Minn.). The rabbit polyclonal antibodies to
glucagon, glucagon-like peptide 2, gastrin, vasoactive intestinal
polypeptide, and bombesin were produced at Hammersmith Hos-
pital as previously described.

 

16-19

 

In Situ Hybridization

 

During the patient’s second admission, 10-

 

m

 

m-thick sections
of the primary cervical tumor and of a normal pancreas (as a pos-
itive control) were prepared for reexamination by removal of wax,
rehydration, and permeabilization with proteinase K (1 

 

m

 

g per
milliliter). In situ hybridization was performed with use of anti-
sense and sense (control) 

 

35

 

S-labeled uridine triphosphate ribo-
probes transcribed from a human proinsulin complementary DNA
(the gift of K. Docherty, Aberdeen University, Aberdeen, United

Kingdom), as previously described.
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 After hybridization and
high-stringency washes, the sections were exposed to autoradio-
graphic film for 48 hours and then dipped in photographic emul-
sion, exposed for 17 days, developed, and counterstained with he-
matoxylin and eosin. Sections of the normal pancreas contained
high-intensity signals for proinsulin mRNA, confined to specific
cells of the islet (not shown). No signal was seen with sense
probes on any section of either the normal pancreas or the pa-
tient’s tumor.

 

DISCUSSION

 

Small-cell carcinomas of the cervix are rare. Like
their bronchial counterparts, they are highly meta-
static and are associated with poor long-term surviv-
al.

 

8,9

 

 These tumors may secrete several neuropeptides
of both pancreatic and nonpancreatic origin, but
whether small-cell carcinomas or other non–islet-
cell tumors can induce hypoglycemia as a result of
insulin secretion has been debated.

 

1

 

The few case reports that have suggested that
non–islet-cell tumors may produce insulin
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 in-
clude one report of a woman with squamous-cell
carcinoma of the cervix who had hypoglycemia and
a slightly increased serum insulin concentration.

 

25

 

However, in these cases, there were alternative mech-
anisms for hypoglycemia or the possibility of pan-
creatic insulinoma was not excluded. For example,
some early studies used biologic-receptor and radio-

 

Figure 2.

 

 Detection of Proinsulin Messenger RNA in the Tumor
by in Situ Hybridization.
In situ hybridization of a section with radiolabeled antisense
complementary RNA shows a clear signal (silver grains in
Panel A) over tumor cells (¬360). The sense (control) probe
produced no signal (Panel B, ¬360).

 

B
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Figure 3.

 

 Serum Insulin Concentrations before, during, and af-
ter Chemotherapy and Radiotherapy. 
The serum insulin concentrations appeared to change accord-
ing to the course of the disease. Although the patient required
a continuous intravenous infusion of glucose, the infusion was
reduced or stopped for the purpose of sampling blood for in-
sulin measurements (denoted by points on the curve), which
were performed when the blood glucose concentration was
less than 40 mg per deciliter. The patient died on day 28. Ar-
rows indicate times at which treatment was administered. To
convert values for insulin to picomoles per liter, multiply by 6.
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receptor assays that could not distinguish among in-
sulin-like growth factor I, insulin-like growth factor
II, and proinsulin, which are structurally similar to
one another.

 

1

 

 In addition, although the serum insu-
lin concentrations in some cases were inappropriate-
ly normal or slightly elevated, in none was the con-
centration markedly elevated.

 

25

 

The results of our studies of this patient with met-
astatic small-cell carcinoma of the cervix clearly
show that a non–islet-cell tumor can be associated
with massively increased serum insulin concentra-
tions (about 200 times the normal concentration)
and profound hypoglycemia. The hyperinsulinemia
was confirmed by measuring serum insulin with
three different assays. The endogenous nature of the
hyperinsulinemia was verified by the finding of high
serum C-peptide and proinsulin concentrations (Ta-
ble 1), and the small-cell tumor was identified as the
most likely cause of the hyperinsulinemia on the ba-
sis of the detection of proinsulin mRNA and insulin
protein within the tumor cells. Although we did not
test the patient’s serum for insulin antibodies, the
results of these studies strongly suggested the pres-
ence of endogenous hyperinsulinemia. Interestingly,
the processing of insulin by the tumor appeared to
be similar to that in normal pancreatic tissue, in that
the serum concentration of 32-33 split proinsulin
was higher than that of 65-66 split proinsulin (data
not shown).
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 Furthermore, the tumor contained sev-
eral other pancreatic peptides, including glucagon,
glucagon-like peptide 2, and pancreatic polypeptide.
It could therefore be argued that the tumor origi-
nated from the pancreas. However, at postmortem
examination, the appearance of the pancreas was
both macroscopically and microscopically normal.
Although the patient had liver metastases, her liver
function was not markedly abnormal. It is very un-
likely that other causes contributed to the hypogly-
cemia in our patient. For example, there was no
evidence of adrenal insufficiency or of aberrant pro-
duction of insulin-like growth factor II. We therefore
believe that this case of hypoglycemia was induced
by insulin secretion from a non–islet-cell tumor.
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