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Abstract: Apart from insulinomas, pancreatic tumors
are rarely complicated by hypoglycemia and some may
produce insulin-like growth factor II (IGF-II). To our
knowledge, IGF-II-producing pancreatic tumors asso-
ciated with hypoglycemia have not been reported pre-
viously. We describe what we believe to be the first
case of “big” IGF-II-producing pancreatic acinar cell
carcinoma. A 68-year-old man presented with a history
of recurrent hypoglycemia. Abdominal computed
tomography scan and magnetic resonance imaging
showed a mass, approximately 5 cm in diameter, in the
tail of the pancreas and two low-density areas in the
liver. Low serum glucose was associated with low insu-
lin levels and high levels of hormones (i.e., glucagon and
IGF-II) that are functionally opposite to insulin. Al-
though serum IGF-II level was within the normal range,
most IGF-II was of the high molecular weight form, as
determined by Western immunoblot analysis. Based on
these findings, a diagnosis of hypoglycemia induced by
IGF-II-producing pancreatic tumor was made. Surgery
was not possible because of the patient’s poor general
condition. The patient ultimately died as a result of
malignant cachexia. At autopsy, a yellowish-white
tumor was found in the tail of the pancreas, and a
histopathologic diagnosis of acinar cell carcinoma was
made. Immunohistologically, the tumor cells contained
IGF-II in an irregular staining pattern, suggesting that
the hypoglycemia was caused by a pancreatic tumor
producing “big” IGF-II.
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Introduction

Non-islet cell tumor associated with hypoglycemia
(NICTH) is one of the major causes of hypoglycemia,
and “big” insulin-like growth factor (IGF)-II produced
and secreted by tumor cells is thought to be a
hypoglycemic agent. Most NICTHs are mesenchymal
or epithelial in origin, e.g., leiomyosarcoma, fibro-
sarcoma, hemangiopericytoma, mesothelioma, and
hepatoma. To our knowledge, IGF-II-producing pan-
creatic acinar cell carcinoma has not been reported to
date. We describe a case of recurrent hypoglycemia
caused by acinar cell carcinoma of the pancreas produc-
ing “big” IGF-II.

Case report

A 68-year-old man, admitted to a local hospital because
of repeated episodes of delirium, was found to be
hypoglycemic (blood glucose 26 mg/dl). He was trans-
ferred to Nagasaki University Hospital in May 1996 for
further management. On admission, he was alert, and
neurological examination results were unremarkable.
Mild anemia and diffuse swelling, with erythema, were
noted on the dorsal region of the right hand. On
abdominal examination, there was no palpable mass
or localized tenderness. The remainder of the physical
examination was normal. Pertinent laboratory results
are shown in Tables 1 and 2. Serum glucose was 43 mg/
dl and insulin was below the detection limit of the assay.
The responses of immunoreactive insulin (IRI) and
immunoreactive glucagon (IRG) to 75-g glucose toler-
ance were low and high, respectively. Abdomimal com-
puted tomography (CT) scan (Fig. 1) and magnetic
resonance imaging (MRI) demonstrated a mass with
partial enhancement effect, approximately 5 cm in di-
ameter, in the tail of the pancreas. In addition, two low-
density areas in the liver, diffuse thickness of the
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Table 1. Laboratory data on admission

Urinalysis Biochemistry
Protein (1) TP 7.0g/dl
Sugar (2) alb 42.9%

Hematology γ-gl 30.3%
RBC 351 3 104/mm3 T.Bil 1.0mg/dl
Hb 10.6 g/dl GOT 19 U/l
Ht 31.4% GPT 9 U/l
WBC 11 900/mm3 ALP 308U/l

St 1% LAP 92 U/l
Seg 58% LDH 607U/l
Eo 4% CPK 47U/l
Lym 25% Ch-E 0.40 ∆PH/h
Mo 12% BUN 21mg/dl

Plt 23.7 3 104/mm3 CRE 1.8mg/dl
ESR 113 mm/h Na 135 mEq/l

Serology K 4.0mEq/l
CRP 3.04 mg/dl Cl 100 mEq/l
FBS 43mg/dl AMY(S) 294 IU/l

Tumor markers Trypsin 190 000 ng/ml
CEA 2.7ng/ml Lipase 3560 U/l
CA 19-9 97.9 U/ml PLA2 48 000ng/dl
Elastase-1 7250ng/dl Feces
SPAN-1 49.3 U/ml Occult blood (1)
DUPAN-2 178U/ml
AFP 396.0ng/ml

Table 2. Endocrinological examination

75g OGTT BS (mg/dl) IRI (µU/ml) IRG (pg/ml)

Before 53 a 587
30min 65 a 586
60min 80 0.6 533
90min 89 1.5 577
120 min 108 2.9 595

hGH 2.2ng/ml Gastrin 14 pg/ml
Cortisol 16.0 µg/dl Secretin 244 pg/ml
FreeT4 1.3ng/dl VIP 23 pg/ml
TSH 1.84 µU/ml IGF-I ,11 ng/ml
C-peptide 0.4ng/ml IGF-II 533 ng/ml
Anti insulin Ab 7% IGFBP-3 3.68 µg/ml
a Below detection limit of assay; BS, Blood sugar; IRI, immuno-
reactive insulin; IRG, immunoreactive glucagon

peritoneum, and a high density of mesenteric fat were
present. Endoscopic examination of the upper gas-
trointestinal tract showed erosive duodenitis, and histo-
logical examination of a biopsy specimen obtained from
that region showed no malignancy. Endoscopic retro-
grade pancreatography (ERP) showed interruption of
the main pancreatic duct (Fig. 2). Angiography was not
performed.

Based on these clinical, investigative, and laboratory
findings, a provisional diagnosis of pancreatic tumor
with liver metastasis and carcinomatous peritonitis was
made. The condition was most likely the underlying

Fig. 1. Abdominal CE computed tomography scan showing a
well-defined mass with a few low-density areas in the tail of
the pancreas

cause of the hypoglycemia. Because of the low insulin
level and high or normal levels of hormones that are
functionally opposite to insulin (i.e., glucagon and IGF-
II), we extended our laboratory investigation by exam-
ining the level of IGF (Table 2). The concentration of
somatomedin-C (IGF-I) was below 11ng/ml (normal
range, 88–240ng/ml), while the level of IGF-binding
protein-3 was 3.68µg/ml. Although serum levels of IGF-
II were within the normal range (533ng/ml), most IGF-
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II consisted of a high-molecular weight form (11 to
18-kDa fraction) by Western immunoblot analysis
using mouse anti-IGF-II monoclonal antibody (Amano
Pharmaceutical, Nagoya, Japan) (Fig. 3). Based on
these results, we made a provisional disag-
nosis of IGF-II-producing pancreatic tumor, causing
hypoglycemia.

While the patient was hospitalized, intravenous
hyperalimentation was provided. However, his general
condition, and, in particular, his renal function, deterio-
rated gradually, and intensive anti-neoplastic chemo-
therapy was not used. At the patient’s request, he was
transferred to a nearby hospital. He died of malignant
cachexia on August 3, 1996.

At autopsy, a yellowish white tumor, 60 3 40 3
40 mm in size, was found in the tail of the pancreas. The
cut surface showed a well circumscribed, lobulated
nodule with necrotic foci. Numerous nodules, ranging
from 2 to 10mm in diameter, were noted on the sur-
face of the peritoneum and mesentery, resembling
carcinomatous peritonitis, and there was blood-stained

ascites (1200ml). A metastatic focus, 10 mm in diam-
eter, was also found in the liver. Light microscopic ex-
amination showed round neoplastic cells arranged in an
acinar pattern with small lumina and with solid growth
frequently intermingled (Fig. 4). The neoplastic cells
contained abundant granular cytoplasm. These granules
were Periodic acid-Schiff-positive but diastase-resistant,
as shown by histochemistry. Immunohistochemical
analysis showed only a few cells positive for neuroendo-
crine markers such as chromogranin A or synapto-
physin, while most cells were immunoreactive for
anti-trypsin and anti-alpha chymotrypsin. Based on the
growth pattern of the neoplastic cells, a pathologic diag-
nosis of pancreatic acinar cell carcinoma was estab-
lished. Immunohistological examination using a mouse
anti-IGF-II monoclonal antibody (Amano Pharmaceu-
tical) demonstrated that both the pancreatic tumor and
the metastatic liver tumor contained IGF-II, which
showed an irregular staining pattern (Fig. 5).

Discussion

Since the first report by Daughaday et al.1 showing high
serum IGF-II levels in patients with NICTH, it is now
clear that IGF-II produced and secreted by the tumor
causes hypoglycemia. However, the serum concentra-
tion of IGF-II is not always elevated in these patients. In
1988, Daughaday et al.2 reported a high percentage of
the high molecular weight form of IGF-II in NICTH,
suggesting that heterogenous IGF-II may be related to
hypoglycemia.

Fig. 2. Endoscopic retrograde pancreatography showing
interruption of the main pancreatic duct in the tail of the
pancreas

Fig. 3. Western immunoblot analysis of serum insulin-like
growth factor (IGF)-II. Recombinant human IGF-II and
authentic IGF-II in normal adult are shown in lanes 1 and 2,
respectively. A high molecular weight form of IGF-II in a
patient with non-islet cell tumor associated with hypoglycemia
(NICTH) and IGF-II in a patient with hypoglycemia of
unknown origin are shown in lanes 3 and 4, respectively. Most
IGF-II in the present patient with NICTH, shown in lane 5,
is present in the 11 to 18-kDa fraction, similar to that shown
in lane 3
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was not elevated, the IGF-II/IGF-I ratio was more than
48. Fukuda et al.4 suggested that the presence of inap-
propriately low levels of IGF-I in relation to IGF-II was
characteristic of IGF-II-producing NICTH. Further,
most IGF-II was “big” IGF-II, with a higher molecular
weight relative to authentic IGF-II.2,4 In our patient,
most IGF-II was of high molecular weight, 11–18kDa. It
is thought that “big” IGF-II develops because of defec-
tive processing caused by tumors.5 Under normal condi-
tions, IGF-II is produced in the liver, and circulating
IGF-II is present in a tertiary 150-kDa complex com-
posed of IGF-II, IGF binding protein (IGFBP)-3, and
an acid labile subunit. Because IGF-II does not interact
with insulin receptors, hypoglycemia does not occur.
However, “big” IGF-II fails to form this complete com-
plex.6 Although the mechanism of “big” IGF-II-induced
hypoglycemia is not clear, increased consumption of
glucose through insulin receptors is suggested,2 and high
levels of free IGF-II7,8 and increased bioactivity caused
by changes in IGFBP9,10 may be important.

Our patient had frequent episodes of hypoglycemia-
induced states of delirium, and a complete laboratory
and radiologic investigation showed a pancreatic tumor
that was not an insulinoma. Although a provisional
diagnosis of IGF-II-producing pancreatic tumor was
made, based on the serum level of IGF and Western
immunoblot analysis of IGF-II, a definitive diagnosis of
acinar cell carcinoma was not established. At autopsy,
the pancreatic acinar cell carcinoma with liver metas-
tasis contained IGF-II in an irregular staining pattern,
confirming the diagnosis and suggesting that hypo-
glycemia was related to the “big” IGF-II-producing tu-
mor.10 The incidence of acinar cell carcinoma among
pancreatic carcinomas is about 1%.11 Complications of
polyarthropathy12 and subcutaneous fat necrosis,13

which may be related to lipase or phospholipase A2,
have been reported. It is possible that the erythematous
swelling on the right hand in our patient was caused by
the high levels of lipase and phospholipase A2 produced
by the tumor.

Some cases of IGF-II-producing gastrointestinal car-
cinomas, such as gastric cancer14 or rectal cancer15 have
been reported, and most of these patients had liver
metastasis. Likewise, our patient with pancreatic acinar
cell carcinoma had liver metastasis. Although it is not
certain why NICTH of the digestive system is often
accompanied by liver metastasis, the increased tumor
cell mass or direct drainage of “big” IGF-II to the sys-
temic circulation, in association with liver metastasis,
may be important for the induction of hypoglycemia.

Previous studies have shown the effectiveness of
various treatments for NICTH associated with IGF-II.
Surgical removal of the tumor or radiotherapy reduces
the excess IGF-II, thereby ameliorating the hypogly-
cemia.16–18 Hunter et al.19 reported the beneficial effects

Fig. 4. Light microscopic examination of the pancreatic
tumor, showing neoplastic cell growth in an acinar pattern
with small lumina and frequently intermingled solid growth.
H&E, 3100

Fig. 5. The cytoplasm of neoplastic cells from pancreatic
tumor was positive for IGF-II. ABC method, 3200

Most NICTHs are either mesenchymal or epithelial
in origin; e.g., leiomyosarcoma, fibrosarcoma, heman-
giopericytoma, mesothelioma, and hepatoma. In regard
to pancreatic exocrine tumors, we have found only one
reported case of disseminated pancreatic carcinoma of
ductal type accompanied by spontaneous hypogly-
cemia; hormonal analysis showed negligible insulin con-
centrations, but raised IGF-II levels together with low
IGF-I concentrations.3 To our knowledge, our patient
represents the first documented case of hypoglycemia
associated with pancreatic acinar cell carcinoma pro-
ducing IGF-II. His clinical features of hypoglycemia,
low serum IRI, and low serum IGF-I level allowed the
diagnosis of NICTH. Although his serum IGF-II level
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of growth hormone and intrahepatic adriamycin in IGF-
II-producing hepatomas. In our patient, intensive
therapy was not possible because of his poor general
condition.

In conclusion, it is important to recognize that acinar
cell carcinoma of the pancreas may cause severe
hypoglycemia because of the production and secretion
of “big” IGF-II.
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