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Types of IPMN and Clinicopathological Features

MATERIALS AND METHODS

Patients

Sixty-one patients with IPMN who underwent surgery
at the Department of Gastroenterological Surgery, Tohoku
University Hospital, Sendai, Japan, from 1988 to 2006 were
retrospectively analyzed. All patients agreed by written
consent to the use of their anonymous records and tissues
for scientific studies including this study. This study was
approved by the Ethics Committee of Tohoku University
School of Medicine. Surgical specimens from the patients
were fixed in 10% buffered formalin solution and embedded
in paraffin for histological analysis.

Immunohistochemistry
'lmmunohistochcmical staining of MUCI-CORE,
MUC?2, and MUCSAC was performed as described previously.*

Statistical Analysis

Statistical analysis was performed on Statview 5.0
software (SAS Institute Inc, Cary, NC). Any probability
values <0.05 were considered to be statistically significant.

RESULTS

Clinicopathological Features

Sixty-one patients with TPMNs operated upon consecu-
tively at Tohoku University Hospital between 1988 and 2006
(18 years) were retrospectively analyzed. The patients included
45 men and 16 women with a mean age of 65.3 years (range,
48-79 years). Six patients underwent total pancreatectomy,
37 patients pancreatoduodenectomy, 17 patients distal pancrea-
tectomy, and I patient segmental pancreatectomy. The macro-
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scopic types of IPMNs were determined by clinical imaging
studies and investigation of resected tumors, according to criteria
described previous]y,5 as follows: main duct type, 24 tumors,
with 14 uniformly dilated type and 10 focally dilated type;
branch duct type, 37 tumors, with 31 cystic subbranch type and 6
dilated subbranch type. Histopathologic diagnoses of the
resected tumors were made one of the authors (T.F.) according
to criteria defined by the Japan Pancreas Society.' A diagnosis of
intraductal papillary-mucinous adenoma (IPMA) was made for
26 tumors, intraductal papillary-mucinous carcinoma (TPMC)
for 29 tumors, and invasive adenocarcinoma being derived from
TPMN for 6 tumors, with 3 tubular adenocarcinomas and the
remaining 3 mucinous colloid carcinomas. The macroscopic
types were found to be significantly associated with histological
diagnosis: 20 (83.3%) of 24 tumors with the main duct type
and 21 (43.2%) of 37 tumors with the branch duct type were
diagnosed as malignant (P = 0.0019, x* test).

Types of IPMN

The resected tumors were classified into the 4 distinct
histological types of IPMN (ie, gastric, intestinal, pancreato-
biliary, and oncocytic types) by their morphology and immuno-
histochemical reactivity to MUCI-CORE, MUC2, and
MUCS5AC, according to criteria described previously.* Of the
61 tumors, 27 (44.3%) were classified into the gastric type, 29
(47.5%) into the intestinal type, 4 (6.6%) into the pancreato-
biliary type, and 1 (1.6%) into the oncocytic type (Fig. 1).

Association Between the Types of IPMN
and Clinicopathological Features

The types of IPMN were significantly associated with
the histological diagnoses (P < 0.0001, x° test) (Table 1): 22

FIGURE 1. Representative
histological images of the types

of IPMNs: (A) gastric, (B) intestinal,
(C) pancreatobiliary, and

(D) oncocytic.
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TABLE 1. Types of IPMNs and Clinicopathological Features

Sex Mean Mean Survival Diagnosis Macroscopic Type
Type n (Male/Female) Age (yTs) Period* (mo) TPMA PMC INV-C -T Branch Main
Gastric 27 23:4 66.0 NDt 22 4 0 1 22 5
Intestinal 29 18:11 64.1 521 4 2§ 3 1 11 18
Pancreatobiliary 4 3:1 70.0 NDt 0 3 0 1 3 1
Oncocytic 1 1:0 55.0 NDt 0 | 0 0 I 0
Total 61 45:16 65.3 59.8 26 29 3 3 37 24

*Mecan survival period by Kaplan-Meier analysis.
tNot determined because all subjects were censored.

INV-C indicates invasive colloid mucinous adenocarcinoma; INV-T, invasive tubular adenocarcinoma; ND, not determined.

of 27 cases of the gastric type were diagnosed as benign
(ie, IPMA), whereas 25 of 29 cases of the intestinal type were
diagnosed as malignant, with 21 IPMC, 3 invasive mucinous
colloid adenocarcinomas being derived from IPMC, and |
‘invasive tubular adenocarcinoma being derived from IPMC.
Five gastric-type IPMNs were diagnosed as malignant
(4 TPMC and 1 invasive tubular adenocarcinoma being

derived from IPMC). The gastric-type TPMCs showed.

relatively low papillae with severe/high-grade atypia. They
diffusely expressed MUC5AC but hardly MUC1 and MUC2
(Fig. 2). The intestinal type IPMAs corresponded to the
goblet type, a variation of the intestinal type* (Fig. 2).

Four pancreatobiliary-type IPMNs were diagnosed as
malignant, including one with invasive tubular adenocarci-
noma. One oncocytic type IPMN was diagnosed as IPMC.

Compared with the macroscopic types of IPMN, 22
of the 27 gastric-type IPMNs corresponded to the branch
duct type, whereas 18 of the 29 intestinal-type IPMNs to
the main duct type, which indicated that the types were closely
associated with the macroscopic type (P = 0.0068, )(2 test)
(Table 1). Furthermore, the types were associated with the diag-
nosis in each macroscopic type: 8 of 11 branch duct—type
IPMNs of the intestinal type and 4 of 22 of the gastric-type

FIGURE 2. Examples of gastri

c-type IPMC (A-D) and intestinal-type IPMA (E~H). Hematoxylin-eosin staining (A, E) and

[PMNs were malignant, whereas 1 of 18 main duct-type
IPMNs of the intestinal type and 3 of 5 of the gastric-
type IPMNs were benign (P = 0.0020 for the former and P =
0.0045 for the latter, x° test). The oncocytic-type IPMN
belonged to the branch duct type. Of 4 pancreatobiliary-type
IPMNs, 3 belonged to the branch duct type and 1 to the main
duct type.

Invasion was not associated with any specific type of
IPMN.

Survival of IPMN

The patients were followed up for their prognosis. The
mean follow-up period was 38.1 months (range, 1-176
months). Survival analyses were carried out according to the
Kaplan-Meier method. The types of IPMN were associated
with survival (Fig. 3A). Patients with intestinal-type IPMNs
had a poorer survival than those with gastric-type IPMNs. The
5-year relative survival rates were 62.3% for patients with the
intestinal types, whereas 100% for those with the gastric types.
The mean survival period for patients with the intestinal-type
IPMNs was 52.1 months. A P value could not be calculated
because all patients with the gastric-type IPMN were censored.
Nine of 29 patients with intestinal-type IPMNs died of the
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immunohistochemical staining of MUCT-CORE (B, F), MUC2 (C, G), and MUC5AC (D, H).
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FIGURE 3. Kaplan-Meier survival analysis of patients with gastric- (dashed line) and intestinal-type (solid line) IPMNs: (A) overall

survival, (B) survival of patients without invasive carcinoma.

disease during follow-up. All these patientshad beendiagnosed
as having IPMC, including 3 with invasive mucinous colloid
carcinomas and 1 with invasive tubular adenocarcinoma.
Without the patients with invasive carcinomas, patients
with intestinal-type TPMNs still had a poorer survival than
those with gastric-type IPMNs (Fig. 3B). Of 4 patients with
the pancreatobiliary-type IPMNs, 1 patient died of compli-
cations related to the operation and the other 3 patients were
alive for 15, 8, and 3 months, respectively, until each
observation period was censored. The patient with the
oncocytic-type IPMN was alive for 18 months until the
observation period was censored.

Diagnosis and the macroscopic types were also associated
with survival. According to the diagnosis, the 5-year
relative survival rates were 100% for patients with IPMA,
51.9% for patients with IPMC, and 0% for those with invasive
adenocarcinoma. A P value could not be calculated because
all patients with IPMA were censored. The mean survival
period was 55.5 months for patients with IPMC, 20.3 months
for patients with invasive mucinous colloid carcinoma, and 5.0
months for patients with invasive tubular adenocarcinoma. The
patients with the main duct type revealed significantly poorer
survival than those with the branch duct type (P = 0.0376 by
log-rank test). The mean survival periods were 52.2 months
for the main duct type and 64.2 months for the branch duct
type. Even in each of the macroscopic type, the histological
type scemed to be associated with survival: 3 of 11 patients
with the branch duct-type TPMN of the intestinal type died,
whereas all § patients with the main duct-type IPMN of the
gastric type survived.

Sex, age, and operative procedures were not associated
with survival.

DISCUSSION

The present retrospective study indicated that the
histological types of IPMN are associated with histological
diagnoses, macroscopic types, and survival of patients with
IPMN. Characteristically, the gastric-type IPMN was likely
to be diagnosed as benign, to reveal a fair prognosis, and to be
confined to a branch duct. On the other hand, the intestinal-
type IPMN was likely to be diagnosed as malignant, to reveal
a poor prognosis, and to occupy the main duct. Because the
pancreatobiliary and oncocytic types were rare in our series,

© 2007 Lippincott Williams & Wilkins

only 4 cases and 1 case, respectively, we could not estimate
any of their clinicopathological characteristics.

Prognoses of the gastric-type TPMNs were fairly good; no
patient died of the disease, which indicates that the gastric-type
TPMN is less aggressive clinically. Consistently, 22 (81.5%) of
the 27 gastric type cases in our series were diagnosed as
benign. The remaining 5 cases were diagnosed as malignant,
with 4 TPMC and 1 IPMC with invasive tubular adenocarci-
noma. These patients were followed up for less than 18 months
until being censored in this study; therefore, the long-term
prognoses of them have not yet been determined.

Patients with intestinal-type IPMNs had poor prog-
noses. Consistently, the tumors were associated with
malignant diagnosis (ie, IPMC or IPMC with invasion).
The intestinal IPMCs accompanied invasive adenocarcinoma
more frequently than IPMNs of other types, which certainly
worsened the prognosis. Some of the intestinal-type IPMCs
without invasion also led to death of the patients, which
indicates that the intestinal-type TPMC even without invasion
is clinically aggressive and may require careful follow-up
or an additional intervention rather than operation only.
Adsay et al® indicated that the intestinal-type IPMN was
associated with mucinous colloid carcinoma that revealed a
better prognosis than IPMNs with invasive ductal adenocar-
cinoma. Although 3 of 4 invasive intestinal-type IPMCs in
our series accompanied mucinous colloid carcinoma in their
invasive component, we could not statistically evaluate the
trend because of the small number of invasive cases.

The gastric-type IPMNs were associated with the branch
duct—type TPMN, whereas the intestinal-type TPMNs were
associated with the main duct type. Diagnoses were also
associated with the macroscopic types. These results indicate
that the histological type, macroscopic type, and diagnosis are
strongly associated with each other. Patients with the branch
duct—type IPMN are known to have a better prognosis than
those with the main duct—type IPMNs, which was consistent
with the current analysis.” Even more notably, the branch
duct—type IPMN of the intestinal type was more malignant
than that of the gastric type. The main duct-type IPMN of the
gastric type was more benign than that of the intestinal type.
Our results indicate that we can estimate that a branch
duct—type TPMN is likely to be a gastric-type IPMA, whereas a
main duct—type IPMN is likely to be an intestinal-type IPMC.
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In conclusion, evaluation of the histological types of

IPMN may help to predict the clinical course of patients with
IPMN and to design better clinical management of these patients.
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SUMMARY

advanced intrahepatic cholangiocarcinoma that
showed remarkable regression after transcatheter
arterial chemoembolization with degradable starch
microspheres, allowing for subsequent successful
curative resection. A 75-year-old female was referred
to our hospital with a large hepatic mass. Computer-
ized tomography examination showed a huge mass in
the right liver extended partially to the left liver.
Intrahepatic cholangiocarcinoma was strongly sus-
pected, but surgical resection was abandoned due to
the local spread in the liver. Three courses of trans-
catheter arterial chemoembolization with degradable
starch microspheres were performed. The anti-

We describe a case of initially unresectable locally

cancer agents, mitomycin C and epirubicin, com-
bined with degradable starch microspheres were
injected from the catheter for chemoembolization.
After three courses of transcatheter arterial
chemoembolization, the tumor size decreased from
10cm to 5.5¢m in diameter. Then right trisegmentec-
tomy together with extra-hepatic bile duct excision
was performed. At 25 months after the first therapy
and 21 months after operation, the patient remains
healthy without recurrence. Transcatheter arterial
chemotherapy with degradable starch microspheres
may be a treatment of choice with locally advanced
intrahepatic cholangiocarcinoma.

INTRODUCTION ‘

Intrahepatic cholangiocarcinoma (ICC) accounts
for 3-5% of all primary liver malignancies (1,2). The
incidence is increasing and its pathogenesis remains
unclear (3-5). Currently, complete surgical resection
with histologically negative margins is the only cure
for this formidable entity and yields a five-year sur-
vival of 13-42% (2,6). By contrast, in patients not elect-
ing surgical therapy, the prognosis is extremely poor,
with a median survival of less than 1 year (7,8). Unfor-
tunately, the overall resectability rate of ICC is unsat-
isfactory, ranging from 19-70% (2,9). Noncurative
operation offers no survival benefit, with a median
“survival of only approximately 3 months (10). Thus,
increasing the rate of curative resection is of vital
importance for patients with ICC.

~In this paper, we report a case of initially unre-
sectable locally advanced ICC that showed remarkable

Hepato-Gastroenterology 2007; 54:1345-1347
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FIGURE 1 A 75-year-old female with cholangiocarcinoma. Iniravenous
contrast-enhanced CT scan of the upper abdomen demonstrating a huge
solid mass, 10.0x8.0cm in size with peripheral enhanced areas in the right
lobe of the liver. Involvement of the umbilical portion and slight dilation of
the bile duct in Segment 2 is visible (arrow).
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FIGURE 2 Intravenous contrast-enhanced CT scan showing lipiodol
accumulation in the tumor and decreased tumor size 1 week atter the third
chemoembolization.
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FIGURE 3 Raw surface of the fiver after right trisegmentectomy of the liver
together with the extra-hepatic bile duct excision. The surgical margin was

free from cancer.

regression after transcatheter arterial chemoem-
bolization with degradable starch microspheres (DSM-
TACE), allowing for subsequent successful curative
resection.

CASE REPORT

A 75-year-old female was referred to our hospital
with right-sided abdominal pain, liver dysfunction,
and a large hepatic mass. Computerized tomography
(CT) examination showed a solid mass 10cm in diam-
eter with peripheral enhancement in the right liver.
The tumor extended partially to the left liver, adjacent
to the umbilical portion of the liver. CT scan also dis-
closed slight dilation of the bile duct in the left lateral
segment of the liver (Figure 1). Gastrointestinal
studies revealed no other abnormal findings. Serum
alkaline phosphatase (ALP), lactate dehydrogenase
(LDH), and CA19-9 were elevated at 1286 U/L, 2774
U/L, and 430.7 U/mL, respectively. ICC was strongly
suspected, but surgical resection was deferred sec-
ondary to local spread in the liver.

Three courses of transcatheter arterial chemoem-
bolization with degradable starch microspheres (DSM-
TACE) were performed. On December 17, 2003, the
first DSM-TACE treatment was undertaken. Arteri-
ography of the hepatic artery was performed to char-

acterize the vascular supply of the lesion. The antj-
cancer agents, mitomycin C (6mg) and epirubicin
(60mg), combined with DSM (600mg), were injected
from the catheter for chemoembolization. The right
hepatic artery and left hepatic artery were embolized
at a ratio of 3:1. On January 26, 2004, DSM-TACE
was repeated using the same protocol with different
doses of the chemo-embolic agents (DSM, 300mg;
epirubicin, 50mg; mitomycin C, 6mg). The third
course was performed on February 17, 2004, again
using DSM (450mg), mitomycin C (6mg) and epiru-
bicin (55mg) for chemoembolization. In this last treat-
ment, the artery supplying the left medial segment of
the liver was embolized. No major complications or
side effects were noted during or after each DSM-
TACE session.

After three courses of DSM-TACE, the serum level
of CA19-9 decreased from 430.7 U/mL to 25.8 U/mL,
and the tumor size decreased from 10cm to 5.5¢m in
diameter (Figure 2). Surgical resection was then
elected. Right trisegmentectomy together with extra-
hepatic bile duct excision was performed on April 16,
2004 (Figure 3). Postoperative pathology confirmed a
margin negative resection and a moderately differen-
tiated intrahepatic cholangiocarcinoma without extra-
hepatic lymphatic metastasis (Figure 4).

Postoperative recovery was excellent without com-
plications. At 21 months after the first DSM-TACE
therapy and 25 months after operation, the patient
remains healthy and tumor free with normal serum
tumor marker levels.

DISCUSSION

Treatments for unresectable ICC include chemo-
therapy, radiotherapy, photodynamic therapy, radio-
frequency thermal ablation, and liver transplantation
(11). Although some investigators have reported an
improved prognosis following such treatment, the
benefits tend to be limited, with poor life expectancy,
and outcomes have not been verified via prospective
and randomized clinical studies. Thus, improving the
resectability rate of these tumors is of great signifi-
cance for patient outcomes.

L B IR Ak é,‘é‘ ,
FIGURE 4 Macroscopic findings of the resected specimen. A 7.5x5.0-cm

intrahepatic cholangiocarcinoma was located in the hepatic hitum with an
adequate surgical margin.
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In the present case, a margin-negative resection

was initially considered impossible due to the local
advancement to the umbilical portion of the liver.
Deg-radable starch microspheres (DSM) are 40-45
microns in diameter and can be degraded by serum
amylase within 30 to 60 minutes. When a mixture of
DSM and chemotherapeutic agents are applied via
transcatheter arterial infusion, transient occlusion of
the arterial blood flow can enhance regional retention
of the anti-tumor agents and reduce systematic toxici-
ty. Furthermore, transient vascular occlusion induced
by DSM can lead to the redistribution of blood flow to
hypovascular areas and thereby potentiate the
chemotherapeutic effects on ICC, which is typically a
hypovascular tumor (12). Moreover, repeated admin-
istrations are possible, and DSM-TACE is well tolerat-
ed even in cases with portal vein trunk obstruction.
The use of DSM-TACE for treatment of unre-
sectable hepatocellular carcinoma (HCC) and metasta-
tic liver diseases is increasing secondary to improved
patient outcomes. For example, the response rate is
52.9-72.7% for patients with HCC, 42.8% for patients
with metastatic gastric cancer, and 37.8-70% for
patients with colon cancer, with complete responses
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extremely poor prognosis, however, DSM-TACE may
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DSM-TACE is considered to be a treatment of choice
in patients with locally advanced ICC.
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SUMMARY

A 60-year-old female was found to have high serum
amylase concentrations at a medical check-up.
Dynamic computed tomography and magnetic reso-
nance imaging demonstrated a mass in the body of
the pancreas, which was enhanced in the late phase
of the scans by administration of a contrast medium.
Endoscopic retrograde pancreatography showed a
stenosis of the main pancreatic duct at the body, and
brushing cytology from the region revealed adeno-
carcinoma. Distal pancreatectomy was performed.
The tumor was a well-differentiated adenocar-

cinoma, measuring 15x10mm. Fibrous tissues were
sparsely distributed in the tumor, and there was an
increase of dilated veins, in particular at the margin.
Late-phase enhancement of the tumor with comput-
ed tomography or magnetic resonance imaging was
considered to be correlated with this abundant vas-
cular structure in the tumor. Marked tumor
enhancement in the late phase might be a character-
istic finding suggesting an early-stage pancreatic
adenocarcinoma, which should be carefully checked.

INTRODUCTION

Despite the advent of sophisticated imaging
modalities, a majority of pancreatic ductal adenocarci-
nomas are diagnosed at stages IVA or IVB. The five-
year survival rate of pancreatic ductal adenocarcino-
mas is still less than 5% (1,2), and the median survival
time for unresectable cases ranges from 4 to 8 months.
For a better prognosis, a tumor should be detected at
an early stage and excised curatively.

In pancreatic adenocarcinoma, which is usually
hypovascular, computed tomography (CT) shows a
low-attenuation mass in the early pancreatic phase
after infusion of the contrast medium. Magnetic reso-
nance imaging (MRI) demonstrates similar findings.
However, few detailed reports have been published
concerning CT or MRI findings in small pancreatic
adenocarcinomas. Our case demonstrated a marked
enhancement of a pancreatic tumor in the late phase.
Late-phase enhancement of small pancreatic carcino-
ma has not been studied previously in terms of radio-
logical and pathological correlation. We present here a
case of small pancreatic adenocarcinoma for which we
studied the mechanism of marked late-phase enhance-
ment. Description of the tumor extent is made based
on the sixth edition of the TNM Classification (UICC)
(3).

CASE REPORT
A 60-year-old female was found to have high amy-

Hepato-Gastroenterology 2007; 54:389-392
© H.G.E. Update Medical Publishing S.A., Athens-Stuttgart

lase blood concentrations at a medical check-up in
April 2004 and visited a clinic. Abdominal ultrasonog-
raphy (US) and CT revealed dilatation of the main
pancreatic duct at the pancreatic body and tail, and
she was referred to our hospital. Biochemistry showed
no abnormality, except high levels of serum and uri-
nary amylase. Tumor markers were all within the nor-
mal range;-except elastase 1.

US at 3.5MHz frequency demonstrated a tumor
measuring 9x8mm at the pancreatic body with dilata-
tion of the pancreatic duct in the tail (Figure 1a). US
at 7.5MHz revealed that the tumor had an ill-defined
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FIGURE 1 US at 3.5MHz frequency (a) demonstrated a low-echoic mass measuring 9x8mm at

the pancreatic body (arrow) with dilatation of the pancreatic duct in the tail. US at 7.5MHz
{b) revealed that the tumor had an ill-defined margin and high echoic spots (arrowhead),

probably reflecting a duct structure within the mass.
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FIGURE 2 Muttidetector CT shows a hypoenhancing mass at the pancreatic phase 40 sec after contrast administration {a). However, it showed

VR b SR

homogeneous contrast enhancement at the portal phase, 80 sec after contrast administration (b), and the enhancement lasted until the late phase,

180 sec after contrast administration (c).

FIGURE 3 Dynamic MRI did not show the tumor 20 sec after infusion of the contrast medium (a), but the whole tumor was revealed by contrast
enhancement 80 sec after the infusion (b), and the enhancernent lasted until 180 sec {c).

margin and an isogenic internal echo with high echoic
spots (Figure 1b). Multidetector CT (MDCT) with
four detectors was performed using 100mL of a con-
trast medium at a concentration of 370mg/dL. The
contrast medium was intravenously infused at a rate
of 3mL/sec. Scans were. started at 40, 80 and 180 sec
after initiation of contrast administration. Images
were taken at 1.25-mm collimation and reconstructed
with a width of 0.5mm. The tumor was visualized as a
hypo-enhancing mass (162HU) at the pancreatic
phase 40 sec after contrast administration (Figure
2a), but it showed homogeneous contrast enhance-
ment (204HU) at the portal phase, 80 sec after con-
trast administration, and the enhancement lasted
(164HU) until the late phase, 180 sec after contrast
administration (Figure 2c).

In MRI, both T1- and T2-weighted images demon-
strated dilatation of the pancreatic duct, but did not
show a tumor. Dynamic MRI was performed using
gadrinium DTPA; the tumor was not visualized 20 sec
after infusion of the contrast medium (Figure 3a),
but the whole tumor was revealed by contrast
enhancement 80 sec after the infusion (Figure 3b),
and the enhancement lasted until 180 sec (Figure
3c).

Endoscopic retrograde pancreatography (ERP)
showed a stricture of the main pancreatic duct at the
pancreatic body, and brushing cytology from the
region revealed atypical cells characterized by enlarge-
ment, size heterogeneity, increased chromatin content
of the nuclei, enlargement of nucleoli, and mucus in
the cytoplasm, leading to the diagnosis of adenocarci-
noma. Although the mass was enhanced in the late
phase of both CT and MRI, the tumor was diagnosed
as a resectable pancreatic adenocarcinoma and distal
pancreatectomy was performed.

Cut surfaces of resected specimens revealed that
the tumor was slightly whitish and ill demarcated
(Figure 4a). The tumor was 15x10mm in size. The
low-magnified view is shown in Figure 4b. There was
exfoliation of the epithelium in the main pancreatic
duct, possibly due to the postoperative catheterization
of the duct by a thin catheter, which was performed to
obtain a pancreatogram for comparison with ERP. A
histological examination showed a well-differentiated
adenocarcinoma infiltrating the pancreatic parenchy-
ma with tubular and glandular formations (Figure
4c). Fibrous tissues were sparsely distributed in the
stroma. In addition, there was an increase in marked-
ly dilated veins in the tumor, in particular at the mar-
gin of the tumor (Figure 4d).

The final pathological diagnosis was as follows:
Invasive ductal adenocarcinoma of the pancreas; well
differentiated tubular adenocarcinoma, T1, intermedi-
ate type, INF B, lyl, v0, NO Stage I.

DISCUSSION

Despite the advent of sophisticated imaging meth-
ods, the five-year survival rate for patients with ductal
adenocarcinomas has been less than 5% for decades
(1,2), and even in resected cases the rate has been
approximately 10~20% (4-8). The prognosis of pancre-
atic adenocarcinomas is poorer among malignant
tumors because they are likely to extend beyond pan-
creatic ductal walls into parenchyma and invade vas-
cular and lymphatic structures or perineural spaces.
In pancreas, there is no barrier, such as muscle layer
around pancreatic ductal walls, which probably could
facilitate cancer invasion at an earlier stage (9-13).
However, patients with respectable small carcinoma
less than 2cm in size have the favorable survival of 30-
40% at five years (8,14), and the diagnosis of as small
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carcinoma as possible should be made for better prog-
nosis.

CT and MRI are imaging modalities useful for the
diagnosis of pancreatic cancer. So far, CT and MRI
have been effective methods to stage pancreatic ade-
nocarcinoma, but not for detection of small pancreatic
tumors because these methods provide poorer resolu-
tion than does US. However, recent development of
multi-detector CT remarkably has improved spatial
resolution, and it has become possible to diagnose
small pancreatic tumors.

Since ductal adenocarcinoma of the pancreas
shows a poorly demarcated cut surface, hard consis-
tency with fibrous stroma and poor vascular struc-
tures histologically, it is visualized by dynamic CT in
the pancreatic phase as a hypoenhancing mass rela-
tive to the normal pancreas (15), 30-40 sec after
administration of contrast medium, when the normal
parenchyma is best enhanced. In the late phase, the
contrast medium begins to wash out of the normal tis-
sue and infiltrate into the fibrous stroma of the tumor,
thus providing mild enhancement.

Lu, Vedantham, Boland, Furukawa et al. reported
that visualization of pancreatic adenocarcinoma was
significantly higher in the pancreatic phase, when the
tumor-pancreas contrast difference was maximal,
than in the portal phase (15-18). In general practice,
detection of a low-attenuation area in the pancreatic
phase is thought to be an important sign in the diag-
nosis of pancreatic adenocarcinoma.

However, in the present case, dynamic CT in the
pancreatic phase not only demonstrated a slightly
lower attenuation area than the adjacent pancreatic
parenchyma, but showed remarkable tumor staining
in the late phase. MRI showed similar late-phase
enhancement of the tumor. As mentioned previously,
tumor staining in the late phase is thought to derive
from the abundant fibrous stroma of the pancreatic
adenocarcinoma, but pathological findings in the pre-
sent case revealed mild fibrosis with abundant fibrob-
lasts and a limited number of hyalinized collagen
fibers. Although venous invasion was negative, the
number of dilated veins was increased, particularly at
the tumor margin. Although the mechanism underly-
ing the fibrosis of pancreatic adenocarcinomas has not
been understood fully, it can be hypothesized that
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Abstract

Purpose Pancreatic cancer still has a poor prognosis, even
if aggressive therapy is pursued. Currently, new modalities
of oncolytic virus therapy are being tested against this can-
cer. The combination of one of two representative mutant
herpes simplex viruses (R3616: y,34.5 inactivated, hrR3:
UL39 inactivated) with a standard anti-pancreatic cancer
chemotherapy drug (gemcitabine), was investigated in this
study.

Experimental design The intracellular concentration of
'ribSnucleotide reductase was estimated by Western blot-
ting. The effect of gemcitabine on viral replication and the
total cytotoxic effect of the combination therapy were
investigated on pancreatic cancer cell lines. We compared
the results of two oncolytic viruses, R3616 and hrR3. A
mouse model of pancreatic cancer with peritoneal dissemi-
nation was used to evaluate the in vivo effect of the combi-
nation therapy. _

Results  Although the replication of both viruses was
inhibited by gemcitabine, the combination caused more
tumor cell cytotoxicity than did virus alone in vitro. The
results with R3616 were more striking. Although the differ-
ence was not statistically significant, R3616 with gemcita-
bine had a greater effect than did R3616 alone, while hrR3
with gemcitabine had a weaker effect than did hrR3 alone
in vivo experiments.

Conclusion The combination of oncolytic virus with
gemcitabine is a promising new strategy against advanced
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pancreatic cancer. Each virus has different functional char-
acteristics, and can affect the results of the combination of
viruses and chemotherapy drugs. The results indicate that
there is a complicated interaction among viruses, cells, and
chemotherapy drugs and that the best combination of onco-
lytic virus and chemotherapeutic agents should be studied
more extensively before embarking on a clinical trial.

Keywords Herpes oncolytic virus - Pancreatic cancer -
Gemcitabine - Combination therapy

Introduction

Pancreatic cancer is a disease with an extremely poor prog-
nosis. Surgical therapy for pancreatic cancer is still insuffi-
cient to cure most patients [1]. Recently gemcitabine has
shown a modest survival advantage over 5-fluorouracil
(5-FU) in patients with this cancer [2]. Gemcitabine has
become one of the standard chemotherapy drugs against
pancreatic cancer but more effective therapies must be
devised in order to significantly improve survival. Oncolytic
virus therapy has been highly trusted as a new type of ther-
apy for advanced incurable pancreatic cancer, and may pro-
vide some clinical benefit to those patients in the near
future. Currently, clinical trials using oncolytic viruses have
been started against many types of cancer in world-wide [3],
such as brain cancer [4, 5], prostate cancer [6, 7], pancreatic
cancer [8], breast cancer [9], and head and neck cancer [10,
11]. This study investigated the possibility of combination
therapy using gemcitabine and two herpes mutant oncolytic
viruses (R3616 and hrR3) against pancreatic cancer.
Gemcitabine (difluorodeoxycytidine; dFdC) is intracel-
lularly phosphorylated to difluorodeoxycytidine diphos-
phate (dFdCDP) and difluorodeoxycytidine triphosphate
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(dFdCTP). dFACTP competés with deoxycytidine triphos-
phate (dCTP) for incorporation into DNA, and DNA syn-
thesis is inhibited [2, 12, 13]. In addition, dFACDP acts as
an inhibitor of ribonucleotide reductase (RR) in cells,
which in tumn causes a major decrease in the dCTP pool.
Therefore, gemcitabine reduces the activity of RR in cancer
cell lines [14] (Fig. 1a). However, some cells have been
known to acquire chemoresistance to gemcitabine due to
over expression of RR [15-21].

R3616 and hrR3 are genetically engineered herpes sim-
plex viruses [3]. R3616 lacks the y,34.5 gene that produces
the ICP34.5 protein. Replication of R3616 is severely
restricted in normal cells, because the expression of
ICP34.5 in normal cells prevent a protein shutoff mecha-
nism that is associated with elF2«a dephosphorylation
through the protein kinase receptor (PKR). Most cancer
cells lose this normal protein shutoff mechanisim so that
viral replication can proceed, which induces the virally
infected cells to undergo apoptosis to protect the integrity
of the cell’s DNA and block viral replication {3, 22-24].
hrR3 lacks the UL39 gene that produces the ICP6 proteins
(viral RR), a key enzyme in the biosynthesis of DNA in all
prokaryotic and eukaryotic cells. The viral replication of
hrR3 is severely restricted in cells that have high levels of
holding proteins involved in nucleic acid synthesis such as
cancer cells [25, 26] (Fig. 1b).

We investigated the effect of tumor-selective, replica-
tion-competent herpes viruses (R3616 and hrR3) against
pancreatic cancer under the same conditions in which gem-
citabine effects cancer cells. Our major concem was how
gemcitabine may interrupt viral replication, and whether
the combination of an oncolytic virus with gemcitabine can
significantly improve anti-pancreatic cancer therapy. -

Materials and methods
Viruses and cells

R3616 was kindly provided by Bemard Roizman Sc. D
(University of Chicago, Chicago, IL, USA) and hrR3 was
kindly provided by Sandra K. Weller Ph.D. (University of
Connecticut, Storrs, CT, USA). SW1990, derived from a
human pancreatic carcinoma, was kindly provided by Dr. T.
Sawada (First Department of Surgery, Osaka City University,
Osaka, Japan). CAPAN 1, also derived from a humnan pancre-
atic carcinoma, was obtained from the Japanese Cancer
Research Resources Bank, Tokyo, Japan. PACAZ2, another cell
line derived from a human pancreatic carcinoma, was obtained
from the American Type Culture Collection, Manassas, VA,
USA. Cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal calf serum and 1%
penicillin/streptomycin at 37°C (Sigma, Tokyo, Japan).
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Fig.1 a Gemcitabine structure and pathway. Gemcitabine HCl is a
nucleoside analog that exhibits anti-tumor activity. Gemcitabine HCI
is 2'-deoxy-2’, 2’-ditluorocytidine monohydrochloride (f-isomer).
The empirical formula for gemcitabine HClis COH11F2N304 x HCL.
It has a molecular weight of 299.66. Gemcitabine is metabolized intra-
cellularly by nucleoside kinases to the active diphosphate (dFdCDP)
and triphosphate (dFdCTP) nucleosides. b Schematic illustration of
hrR3 and R3616. hrR3 is a mutated herpes simplex virus (HSV) that
has the LacZ gene inserted into the site of UL39 (ICP6), causing inac-
tivation of ribonucleotide reductase activity that is associated with
UL39. Ribonucleotide reductase is a key enzyme for viral DNA syn-
thesis. R3616 is a mutated HSV that has a deletion of both y,34.5
genes. The 7,34.5 gene produces ICP 34.5 that dephosphorylates
elF2«-phosphate to permit continued viral protein synthesis. Those
mutated HSVs replicate and destroy only the cancer cells

Western blot assay

A total of 10° cells were harvested and rinsed twice with
phosphate-buffered saline, pH 7.4. Cell extracts were pre-
pared with lysis buffer (20 mM Tris, pH 7.5, 0.1% Triton-X,
0.5% deoxycholate, 1 mM phenylmethylsulfonyl fluoride,
10 pg/ml aprotinin, and 10 pg/ml leupeptin) and clarified by
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centrifugation at 12,000g, for 15 min, at 4°C. Cell lysates
containing equal amounts of protein as determined by a BCA
assay kit were electrophoresed on a NuPAGE, Novex 4-12%
Bis-Tris Gel (Invitrogen, Carlsbad, CA, USA), and the
resolved proteins were transferred to PVDF membranes (Invi-
trogen).The membranes were blocked with 5% nonfat milk
ovemight at room temperature, and incubated with 0.2 pg/ml
human anti-RRM1 antibody (CHEMICON Intemnational,
Temecula, CA, USA) for 1 h. RRM1 was detected using an
enhanced chemiluminescence (ECL) system following the
manufacturer’s instructions (Amersham Life Science, Uppsala,
Sweden). -actin also was detected on the same membrane
to serve as a control for the amount of protein loaded.

Cytotoxic assay

Gemcitabine and viral-induced cytotoxicity assays were
performed using the MTT assay as previously described
[27, 28). Briefly, 10 cells were plated in a 10-cm plate and
10 pg/ml of gemcitabine was added. After 24 h, a replica-
tion-competent virus (R3616 or hrR3) was added at multi-
plicity of infection (MOI) values ranging from 0.01 to 10
and incubated for an additional 48 h. The number of surviv-
ing cells was quantified by a colorimetric MTT assay. The
results, expressed as mean + SD of four samples, were
compared- with ‘the results from the cytotoxicity assays of
gemcitabine alone and the virus alone. Statistical signifi-
cance was determined by the two-sided Student’s t-test
using SPSS (SPSS, Chicago, IL, USA).

Viral replication assay

Viral replication assays were performed as described [28,
29]. Briefly, 10° cells were plated in a 10-cm plate and
10 pg/ml of gemcitabine was added. After 24 h, replication
competent viruses (R3616 or hrR3) were added at MOI of 2.
Forty-eight hours after infection, the supematant and cells
were harvested, exposed to three freeze- thaw cycles to
release the virions, and titered. The results were compared
with the assays of viral replication without gemcitabine.

Anima] studies

Mice (6-week-old females BALB/c nu/nu) were obtained
from the Charles River Japan, Yokohama, Japan. Animal
" studies were performed in accordance with the guidelines
issued by the Nagoya University Animal Center. The mice,
used in a peritoneal-disseminated carcinoma model, were
injected with 10° PACA2 cells into the intraperitoneal cav-
ity. The condition of the animals was checked once or twice
a day for the duration of the study. The mice were divided
randomly into six groups (A~F). Group A (n = 10), group D
(n = 10), and group E (n = 10) were injected with 1 mg of

gemcitabine into the intraperitoneal cavity on day 14 after
the injection of the PACA2 cells. The mice in groups A and
B (n = 10) each were injected with 10° particles of R3616
on day 15 after the injection of the PACA2 cells. Group C
(n=10) and group D (n = 10) were injected with 10° parti-
cles of hrR3 on day 15 after the injection of the PACA2
cells. Group F (n = 10) was the control group, which was
injected with only PACA2 cells into the intraperitoneal
cavity.

Statistical differences between groups were determined
by the log-rank test with the use of JMP 5.0 software (SAS
Inc., Cary, NC, USA). P < 0.05 was considered statistically
significant. '

Results
Expression of RRM1 by Western blotting

As previously reported by many researchers on their
papers, overexpression of ribonucleotide reductase subunit
I (RRM1) is associated with chemoresistance to gemcita-
bine [15-17]. We examined the intensity of RRM1 protein
expression in Capanl, PACA2, and SW1990 cells (Fig. 2).
The intensity of RRM1 expression in the PACA?2 cells was
greater thari in the other cell lines. The results from many
previous related papers regarding chemoresistance to gem-
citabine, indicated that PACAZ2 cells might have the highest
potential of chemo resistance to gemcitabine among the
three cell lines.

- Comparison of cytotoxic assays between hrR3

and R3616, with or without gemcitabine

We compared the cytotoxicity of R3616 (y,34.5 deficiency)
and hrR3 (ICP6: RR gene deficiency) viruses’ combination
with gemcitabine by the MTT assay (Fig. 3). With both
R3616 and hrR3, the cytotoxicity was increased by their

Capan1 Paca2 Sw1990
120 kDa
B e RRM1
84 kDa
Density 685.0 3270.2 278.4
(++) (+++) (+)
Control A ‘q B-actin

Fig. 2 Expression of ribonucleotide reductase M1 (RRM1I) by West-
ern blotting. PACA?2 cells expressed the most ribonucleotide reductase
MI (RRMI) by Western blot assays among three pancreatic cancer cell
lines tested. B-actin served as a control for the amount of protein loaded
in each lane :
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Fig. 3 Comparison of cytotoxic R3616 hrR3
assays between hrR3and R3616, CAPAN1 CAPAN1
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combination with gemcitabine, but the more significant
increase in cytotoxicity was observed with R3616 than
hrR3. On the other hand, PACA?2 cells, which expressed
the most RRM1 by a Western blot assay, had the lowest
increase in cytotoxicity with the combination of hrR3 and
gemcitabine.

Comparison of cytotoxic assays between gemcitabine
alone and gemcitabine with low titer virus

We also compared the cytotoxicity between gemcitabine
alone and gemcitabine with low titer virus by the MTT
assay (Fig. 4). Of all cell lines, the combination of gemcita-
bine and an MOI 0.01 of R3616 showed more cytotoxic
tendency than did gemcitabine alone (P = 0.040 nP ACA2
cell line), while the combination of gemcitabine with an
MOI 0.01 of hrR3 tend to be less cytotoxic than gemcita-
bine alone. PACA2 cells.

Comparison of viral replication between hrR3 and R3616,
with or without gemcitabine

We compared the viral replication between R3616 and
hrR3 in the presence of gemcitabine by the plague-forming
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assay (Fig. 5). The replication of both viruses was inhibited
by gemcitabine. The titer of hrR3 declined more than did
R3616 in combination with gemcitabine. The replication of
hrR3 was inhibited by gemcitabine in all cell lines. PACA2
cells expressed the most RRM1 by Western blot assay, and
hrR3 replicated more vigorously with gemcitabine in the
PACAZ2 cells than in the other two cell lines, while R3616
was also inhibited by gemcitabine in all cell lines but with
somewhat weaker inhibition comparing to hrR3.

Animal studies

Long-term survival (LTS: 100 days) was achieved in 60%
of mice treated with an intraperitoneal injection of R3616
followed by gemcitabine (group A). Mice treated with an
intraperitoneal injection of R3616 had only a 50% LTS
(group B). Mice treated with hrR3 had a 30% LTS (group
C). Mice treated with hrR3 followed by gemcitabine had a
20% LTS (group D). Mice treated with gemcitabine alone
had only a 10% LTS (group E). All mice in the control
group died within 60 days (group F) (Fig. 6). Statistical
differences in the survival rates were determined by log-
rank analyses (group A versus group F, P =0.0011; group
A versus group D, P =0.0078; group E versus group F,
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P =0.006; group B versus group D, P =0.0174; group B
versus group F, P =0.0049). There were no other statisti-
cally significant differences between the other groups
except for shown above. Although it was not significantly
different, R3616 with gemcitabine tended to have a stronger
effect than did R3616 alone, while hrR3 with gemcitabine
tended to be weaker than hrR3 alone.

Discussion

In this study, we compared the efficacy of hrR3 or R3616
plus gemcitabine against pancreatic cancer. An in vitro
cytotoxic assay indicated that R3616 plus gemcitabine
caused a significant increase in the cell-killing effect in all
three pancreatic cancer cell lines than did hrR3. We postu-
late that this result was due to the functional differences
caused by each deleted viral gene. The viral replication of
hrR3 might be more interrupted by the effect of gemcita-
bine than that of R3616, and this reduction might have been
responsible for the slight decrease in the cell-killing effect

of hrR3. Cellular RR is important for viral replication espe-
cially for hrR3 that has no RR {3, 25-27, 29, 30]. Gemcita-
bine is well known to reduce the activity of cellular RR in
cancer cell lines [14]. Therefore, it is a possible that the
effect of gemcitabine was greater in combination with hrR3
than with R3616 reducing the replication and cytotoxicity
of the viruses. '

Interestingly, infection with hrR3 at a very low concen-
tration (MOI 0.01) in the presence of gemcitabine caused
less cytotoxic than did gemcitabine alone. This may be the
result of the virus protecting the cancer cells from the apop-
tosis caused by gemcitabine. The virus itself has some anti-
apoptotic effects on cells in order to protect the host cells
from bursting too early and until the virus particles have
matured. Although gemcitabine reduced the replication of
hrR3, some viral anti-apoptosis genes might still have
worked in the infected cells without the burst-cell effect that
is caused by an abundance of mature viruses. The apoptosis
mechanism might malfunction as a result of this low virus
concentration, causing an anti-apoptotic effect against gem-
citabine. This effect might apply not only to HSV, a critical
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consideration when using a viral vector or an oncolytic
virus with chemotherapy drugs, because most viruses have
such an anti-apoptosis gene. Examples include US3 and
USS in HSV [31, 32], and E1b 19 kDa in adenovirus [33].
Furthermore, several distinct viruses have been shown to
develop mechanisms to block premature apoptosis of
infected cells [34—-36). This phenomenon should be consid-
ered when using any viral vector for gene therapy or onco-
lytic virus therapy with chemotherapy drugs. In our
opinion, the anti-apoptosis genes in a virus should be stud-
ied more intensively if future development of oncolytic
virus therapy is to proceed.

PACA2 cells had the highest density of RR by Western
assays and also the lowest cytotoxic effect from single
agent gemcitabine among the three pancreatic cancer cell
lines tested as 60% cell survival in Fig. 4, which indicates
that PACA2 cells have some type of resistance against the
cytotoxicity of gemcitabine comparing to other two cell
lines. For the combination of R3616 with gemcitabine,
increased efficacy was observed against all the pancreatic
cancer cell lines even if the cells had some resistance to the
chemotherapy alone. On the other hand, the combination of
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hrR3 with gemcitabine was of weak cytotoxity toward
PACA?2 cells, which expressed the most RRM1 by Western
blot assay, and the effect was less pronounced than when
R3616 was used. These results suggest that, the combina-
tion of R3616 and gemcitabine might be suitable for the
cancer cell type that is expected to offer resistance to gem-
citabine.

In the in vivo experiments, the combination of R3616
with gemcitabine yielded a 60% LTS rate (100 days) in the
mice. This was higher than in mice treated with an intra-
peritoneal injection of R3616 alone that resulted in a 50%
LTS rate, while mice treated with only hrR3 had a 30%
LTS rate; however, there was no statistically significant
difference in the LTS rate between R3616 and R3616 with
gemgcitabine. Thus, combination therapy with R3616 and
gemcitabine had the same or slightly higher efficacy than
the virus alone. However, mice treated with hrR3 followed
by gemcitabine showed a lower LTS rate (20%) than those
treated with hrR3 alone. And moreover, there was a statisti-
cally significant difference between group A (R3616 +
GEM) and group D (hiR3 + GEM) (P = 0.0078). From the
results of our in vivo and in vitro, we determined that the
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Fig. 6 a Cumulative survival curves of an in vivo mouse model. The
PACAZ2 cells were injected into the peritoneal cavity. Each group was
treated as shown below. Group A: R3616 + gemcitabine (GEM), group
B: R3616 only, group C: htR3 only, group D: hrR3 + GEM, group E:
GEM only, and group F: no treatment. Differences in the survival rates
were assessed by log-rank analysis (group A versus group F,
P =0.0011; group A versus group D, P =0.0078; group E versus
group F, P = 0.006; group B versus group D, P = 0.0174; and group B
versus group F, P = 0.0049). There were no other statistic ally signifi-
cant differences between the other groups except for shown above.
There was a statistically significant difference between group A
(R3616 + GEM) and group D (hrR3 + GEM) (P = 0.0078). b Long-
term survival (LTS: over 100 days). LTS was achieved in 60% of mice
treated with an intraperitoneal injection of R3616 followed by gemcit-
abine (group A). Mice treated with an intraperitoneal injection of
R3616 only had a 50% LTS survival rate (group B). Mice treated with
hrR3 only had a 30% LTS rate (group C). Mice treated with hrR3 fol-
lowed by gemcitabine had a 20% LTS rate (group D). Mice treated
with gemcitabine alone had only a 10% LTS rate (group E). The un-
treated group (group F) had a 0% LTS survival rate

combination of gemcitabine with R3616 (y,34.5 inacti-
vated) might be more effective than the combination with
hrR3 (RR inactivated).

Potentially, chemotherapy drugs connote to inhibit onco-
lytic virus replication to some degree, but this effect may be
influenced by the differences in the characteristics of each
virus caused by gene mutation. UL 39 (ICP6)-deleted
HSVs, such as G207 [3, 37], and Myb34.5 {38, 39]
also have some kind of potential likely to be inhibited by

gemecitabine, as is hrR3, because of the genetic character-
istics of RR. In other words, UL39-intact HSVs, such as
HF10 [40, 41], RH105 [42], and DFy34.5 [43] are likely to
interact differently from a UL 39-deleted HSV (e.g., hiR3),
in combination therapy with gemcitabine. Additional stud-
ies must be needed for further confirmation of the efficacy
depending upon the functional characteristics among the
chemotherapy drugs, viruses, and the cancer cells.

In the future, oncolytic virus therapy in combination
with chemotherapy drugs may become more popular for
use in clinical trials. Therefore, the characteristics of each
virus must be considered carefully to determine if they are
suitable for use with the chemotherapy drugs chosen.
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ABSTRACT

Background/Aims: Intraductal papillary mucinous
neoplasms (IPMNs) are increasingly recognized, but
it is very difficult to evaluate accurately the malig-
nancy of these neoplasms by modern imaging. We
reviewed our experience in order to elucidate pre-
dictors of tumor malignancy, invasiveness, and out-
come.

Methodology: The clinicopathological features and
surgical outcomes of 57 patients with IPMNs who
underwent surgery in Nagoya University Hospital
were analyzed.

Results: The histological diagnosis was adenoma in
40, borderline in 1, carcinoma in situ (CIS) in 7, and
invasive carcinoma in 9 patients. Patients with in-
vasive carcinomas had significantly shorter survival

rates than patients with benign IPMNs or CIS
{p<0.0001). Multivariate analyses revealed that the
main duct or the combined type was significantly
predictive of malignancy, and both main duct or com-
bined type and diabetes mellitus were associated sig-
nificantly with invasive carcinoma.

Conclusions: IPMNs generally grow slowly, but
have a malignant potential that warrants radical
surgical treatment when the tumor component in-
vades the parenchyma. Our results suggest that the
above factors should be considered in surgical man-
agement. The main duct type of IPMN or IPMN with
mural nodules is potentially malignant or invasive.
Therefore, radical operative management is indicat-
ed in these IPMNss.

INTRODUCTION

Intraductal papillary mucinous neoplasms
(IPMNs) were described in the Japanese literature in
1982 (1) and in the English literature in 1986 (2). This
entity is increasingly recognized and is characterized
by an adenomatous proliferation of pancreatic duct
epithelium that may involve the main pancreatic duct
or ductal branches alone or in combination (3,4).
IPMN is comprised of a spectrum of diseases from be-
nign to malignant (5,6). This neoplasm is rare, consti-
tuting only 1% of pancreatic cancers, according to pre-
vious reports (7,8). Before the concept of IPMNs was
established, confusion with mucinous cystic neo-
plasms (MCNs) or other cystic tumors of the pancreas
existed (9). In 1996, the World Health Organization
(WHO) established criteria to classify IPMNs and to
distinguish them from MCNs (10). IPMNs exhibit dif-
ferent stages from adenoma with mild atypia to inva-
sive carcinoma (10), but lack the ovarian stroma char-
acteristics of MCNs. Most, IPMNs, including non-in-
vasive 1ntraductal paplllary mucinous carcmomas
(IPMCs), have a ‘fiore favorable prognosis than pan-
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creatic ductal carcinoma, however, some cases of in-
vasive IPMC have a poor prognosis (11-15). There-
fore, appropriate management requires the differen-
tiation of malignant tumors, but it is very difficult to
evaluate accurately the extent of malignancy by mod-
ern imaging.

In this study, we retrospectively reviewed our ex-
perience and analyzed the clinicopathological features
of IPMNs to elucidate predictive factors associated
with malignancy, invasiveness, and tumor outcome.

. METHODOLOGY

Fifty-seven patients who underwent surgery for
IPMNs between March 1991 and July 2004 in Nagoya
University Hospital were reviewed. We retrospective-
ly examined the clinicopathological features, surgical
outcomes, and factors predictive of malignancy. The
study was approved by the Ethics Committee of the
hospital. Informed consent was obtained from all pa-
tients for the subsequent use of resected tissues. All
patients underwent radiographic and endoscopic ex-
amination such as computed tomography (CT), mag-



