
Abstract. Intraductal papillary-mucinous neoplasm (IPMN)
of the pancreas presents in various histopathological stages
from benign to malignant lesions. The differentiation between
benign and malignant IPMN is important in order to
determine the treatment of the patients. However, pre-
operative differentiation remains difficult. The aim of this
study was to assess the utility of 2-[18F] fluoro-2-deoxy-D-
glucose positron emission tomography (FDG-PET) in pre-
operative differentiation of benign and malignant IPMN
of the pancreas. In the present study we prospectively inve-
stigated 29 patients who underwent CT, FDG-PET, and
surgery for IPMNs, followed by histopathological exami-
nation. The maximum standardized uptake value (SUVmax)
was determined on FDG-PET, and differentiation of benign
from malignant IPMN was tested using various SUVmax
cut-off levels and various parameters derived from the CT.
SUVmax was found to be significantly higher in malignant
IPMNs (4.7±3.0) than that in benign IPMNs (1.8±0.3,
P=0.0011). SUVmax values correlated with the histopatho-
logical types of IPMN (adenoma/borderline lesion/carcinoma
in situ/invasive carcinoma) (Spearman rank correlation
0.865, P<0.0001). The specificity, sensitivity and accuracy
values were best for SUVmax of 2.5 (100, 93, and 96%,
respectively). The combination of mural nodule, detected
on CT, and SUVmax of 2.5 offered the best diagnosis of
malignant IPMN. These results suggest that FDG-PET is
useful for differentiation of malignant IPMN of the pancreas,

and that it should be performed in combination with other
conventional imaging modalities.

Introduction

Intraductal papillary-mucinous neoplasm (IPMN) of the
pancreas, which was first reported by Ohashi et al in 1982,
originates from epithelial cells of the main pancreatic duct
or its side branches and produces large amounts of mucin
(1-4). IPMN presents at various histopathological stages
from benign to malignant lesions, as classified by the WHO,
including adenoma, borderline, carcinoma in situ (CIS), and
invasive carcinoma (5,6). While patients with benign IPMNs
can be monitored without the need for surgery, malignant
IPMNs should be resected surgically according to the grade
of malignancy. Moreover, the postoperative prognosis of
patients with invasive IPMNs is significantly poor and similar
to that of patients with pancreatic ductal adenocarcinoma
(5,7,8). Therefore, preoperative differentiation between
benign IPMN and malignant IPMN is important in order
to determine the management of patients. To date, various
features of malignant IPMN tumors using imaging techniques
have been proposed, such as large lesion size, dilatation
of the main pancreatic duct (MPD), and presence of mural
nodules (5,9-16). However, some of these features are
controversial, and their accuracy depends on the imaging
modalities used. Therefore, differentiation between benign
and malignant IPMN is still difficult.

2-[18F] fluoro-2-deoxy-D-glucose positron emission
tomography (FDG-PET) is a sensitive and specific imaging
protocol for the diagnosis and staging of several types of
malignancies (17-20). To date, there have been few reports
of FDG-PET in patients with IPMNs (21-25). Sperti et al
(25) reported 47 cases with IPMNs confirmed histologically
or cytologically, and concluded that FDG-PET was more
accurate than conventional imaging techniques such as com-
puted tomography (CT) and magnetic resonance imaging
in distinguishing benign from malignant IPMN. In their
report, however, the sensitivity, specificity, and accuracy of
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FDG-PET were evaluated only when the cut-off value of the
maximum standardized uptake value (SUVmax) was set at
2.5. Moreover, although these figures were compared to those
of whole CT findings, they were not compared to those of
other radiological features reported to be associated with
malignancy.

In the present study, by using the results of prospectively
performed FDG-PET in patients with IPMN of the pancreas,
we examined the correlation between the findings of FDG-
PET and the histopathological type of IPMN. Furthermore,
we assessed usefulness of FDG-PET in differentiation between
benign and malignant IPMN using several cut-off levels of
SUVmax, and the utility of FDG-PET was compared to
certain CT parameters and their combinations, in the diag-
nosis of malignant IPMN.

Materials and methods

Patients. Between January 2006 and June 2008, FDG-PET
was prospectively performed in 72 patients with IPMN at
Osaka University Hospital. In 29 patients out of the 72
patients, the tumor was resected surgically and then examined
histopathologically. The surgically-resected 29 patients with
histopathological confirmation of the IPMN were enrolled in
the present study. The remaining 43 patients were decided to
be followed up without surgical resection. The distribution
of IPMN patients are shown in Fig. 1.

In principle, surgical resection of IPMN was scheduled
for treatment only when the clinical features suggested malig-
nancy. The features of tumors judged to be likely malignant
on CT examination were IPMN with mural nodule, main
duct type and combined type IPMN with ≥7 mm dilated
MPD, combined type and branch type IPMN with ≥3-cm
cystic lesion, and histopathologically and/or cytologically-
confirmed malignant IPMN. Among the 29 patients, 2
patients underwent surgery without fulfilling the above
criterion; their clinical features were not suggestive of
malignancy; one patient fervently desired resection of the
IPMN and the other underwent IPMN resection at the same
time as pancreatectomy for coexisting pancreatic ductal

adeno-carcinoma. The type of selected surgical procedure
performed was based on the location of IPMN. Pancreatico-
duodenectomy was performed in 14 patients,  distal
pancreatectomy in 14, and central pancreatectomy in the
remaining one patient.

In the 43 patients without surgical resection, 6 patients,
who had clinical features suggested malignancy, did not
undergo surgery for the following reasons; poor risk at surgery
in three patients, refusal to surgery in two patients, and
concomitant liver metastasis in one patient. The remaining
37 patients without features suggested malignancy were
followed up.

For all the patients, gender, age, clinical symptoms, tumor
markers including carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9), tumor multiplicity,
tumor location, IPMN type, diameter of cystic lesion, MPD
dilatation, mural nodule, cytological diagnosis, histopatho-
logical diagnosis, and SUVmax of FDG-PET were pros-
pectively investigated. Endoscopic retrograde cholangio-
pancreatography (ERCP) was performed for pancreatic
duct lavage cytology and/or pancreatic juice cytology in
49 patients.

FDG-PET. Whole-body FDG-PET imaging was performed as
described previously (26-28). Briefly, each patient fasted
for at least 4 h before intravenous administration of ~370 MBq
FDG. Serum glucose levels were determined just before FDG
injection. Among the 72 patients, 70 patients were normo-
glycemic (blood glucose <150 mg/dl), and 2 patients were
hyperglycemic (blood glucose >220 mg/ml). Simultaneous
emission and transmission PET scans were acquired 1 h after
FDG injection. Imaging was performed with a dedicated PET
scanner (Headtome/Set 2400W; Shimadzu Co., Kyoto,
Japan). Fusion images combined with PET images and CT
images were composed using our previously described method
(28). Since April 2007, FDG-PET/CT has been introduced to
clinical practice in our hospital (FDG-PET and CT performed
separately; n=30, FDG-PET/CT; n=42).

For semi-quantitative analysis, regions of interest were
selected semi-automatically at the most intense area of FDG
accumulation in the primary tumor on the PET image, and
the SUVmax was calculated using the following formula:
SUVmax=PET count at most intense point x calibration
factor (MBq/kg)/injection dose (MBq)/body weight (kg).

In the absence of a visible FDG uptake, on the basis of
the fusion images, regions of interest were drawn exactly
on the area corresponding to the primary tumor, and the
SUVmax was calculated.

The afore-mentioned 2 patients who were hyperglycemic
at the PET examination contained one patient in the group
of the patients with surgical resection, and one in the group
of the patients without surgical resection. Since the SUVmax
could not be calculated in these patients for the hyper-
glycemic state, they were excluded from the examination
related to the SUVmax in this study.

CT. CT was performed either with a LightSpeed Qxi scanner
(GE Medical Systems, Wis), a LightSpeed VCT scanner
(GE Medical Systems) or an Aquilion 64 scanner (Toshiba
Medical Systems, Japan) scanner using a tube voltage of
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Figure 1. Distribution of the 72 patients with IPMN according to the histo-
pathological examination. IPMN, intraductal papillary-mucinous neoplasm.
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120 kV, a tube current of 300 mA, and a rotation period
of 0.5 sec. Images of 5 mm slice thickness were used for
evaluation. Contrast-enhanced multiphasic CT images were
acquired at 10 sec after the peak aortic enhancement (arterial
phase), followed by pancreatic phase and portal venous phase
for upper abdomen. Nonionic contrast medium, 300 mg of
iodine per milliliter, was administered intravenously at a rate
of 4 ml/sec with a power injector. Images were interpreted
especially focusing on the presence of mural nodule as well
as the size of tumor and presence of dilatation of main
pancreatic duct.

Histopathological diagnosis of IPMN. The diagnosis of IPMN
of the pancreas in the enrolled 29 patients was confirmed on
histopathological examination of the resected specimens by
an experienced pathologist. The lesions were histopatho-
logically classified into the following subtypes: adenoma,
borderline lesion, CIS, and invasive carcinoma. Adenoma
and borderline lesions were categorized as benign lesions,
while CIS and invasive carcinoma were categorized as
malignant lesions.

Statistical analysis. Receiver operating characteristic
(ROC) curve analysis was performed using sensitivity and
specificity at various cut-off values. The significance of
differences among the groups was assessed by the ¯2, Fisher's
exact test or the Mann-Whitney U test. Statistical analysis
was performed using StatView (version 5.0, SAS Institute
Inc, Cary, NC). A P-value <0.05 was considered statistically
significant.

Ethical considerations. The study protocol was approved by
the Human Ethics Review Committee of Osaka University
Hospital and a signed consent form was obtained from each
patient.

Results

Patient and tumor characteristics. Table I summarizes the
clinical characteristics of the included 29 patients with histo-
pathological confirmation. Among 27 patients who under-
went ERCP, 9 were diagnosed as malignant IPMN based
on pancreatic duct lavage cytology and/or pancreatic juice
cytology. Five patients (17.2%) had multiple cystic lesions.
Five patients presented with high serum levels of CEA
(≥5.0 ng/ml) and 5 patients with high CA 19-9 (≥37 U/ml).
The most common location of the lesion was in the head or
uncinate of the pancreas (44.8%). Three patients had the
main duct type (10.4%), 13 the combined type (44.8%),
and 13 the branch type (44.8%). Based on the CT findings,
the mean diameter of the cystic lesion was 39 mm (range,
14-75 mm) in patients with combined type and branch type,
and the MPD diameter was 11.1 mm (range, 5.0-41.0 mm)
in patients with main duct type and combined type. Mural
nodules were identified in 13 patients (44.8%). Malignant
IPMN was identified in 14 (48.3%) patients, including 11
with invasive carcinoma and 3 with CIS. The remaining 15
patients (51.7%) had benign IPMN: one borderline lesion,
and 14 adenomas. The mean SUVmax of FDG-PET of the
lesion for all patients was 3.3 (range, 1.3-13.5).

Correlation between histopathological type and SUVmax of
FDG-PET. Fig. 2 displays the SUVmax for each histopatho-
logical type of IPMN. This analysis was performed in the
28 patients, while the remaining one patient with hyper-
glycemia at the FDG-PET examination was excluded from
this analysis. The SUVmax correlated with the histopatho-
logical type (Spearman rank correlation 0.865, P<0.0001).
In detail, there were significant differences of the SUVmax
between invasive carcinoma and others (CIS, borderline
lesion, and adenoma), and between malignant IPMNs and
benign IPMNs. Moreover, the SUVmax in patients with CIS
was significantly higher than that with benign IPMNs. The
following examination focuses on the difference between
malignant IPMNs and benign IPMNs.

Comparison of clinical features of patients with benign and
malignant IPMN. Table I summarizes the clinical features of
patients with benign IPMNs and malignant IPMNs. There
was no significant difference in gender, age, the presence
of symptoms, serum levels of CEA and CA19-9, multiplicity,
location, IPMN type, diameter of the lesion, and MPD
diameter between the two groups. On the other hand, the
frequency of the presence of mural nodule in malignant
IPMN (92.9%) was significantly higher than that in benign
IPMN (20.0%, P=0.0001). Furthermore, the SUVmax in
patients with malignant IPMNs (4.7±3.0) was significantly
higher than that with benign IPMNs (1.8±0.3, P=0.0011).

Comparison of diagnosis of malignant IPMN by FDG-PET
and CT. Table II lists the distribution of patients, sensitivity,
specificity, and accuracy of FDG-PET and certain CT features
of the tumors. Diagnosis of malignancy by FDG-PET was
analyzed using various cut-off levels of SUVmax. Moreover,
ROC curve was constructed by plotting sensitivity and speci-
ficity at various cut-off levels of SUVmax (Fig. 3). Such
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Figure 2. Correlation between histopathological type of IPMN and SUVmax
of FDG-PET in 28 patients. Among the enrolled 29 patients, one patient
with hyperglycemia at the FDG-PET examination was excluded. For abbre-
viations, see Fig. 1. SUVmax, maximum standardized uptake value; FDG-
PET, 2-[18F] fluoro-2-deoxy-D-glucose positron emission tomography
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analysis showed that the optimal cut-off level of SUVmax
of FDG-PET was 2.5 for differentiation of malignant IPMN.

Using this cut-off level, the sensitivity, specificity, and
accuracy of differentiation of malignant IPMN were 93,
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Table I. Clinical and histopathological characteristics of the patients with intraductal papillary-mucinous neoplasms (IPMN).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Histopathological confirmation (+)
–––––––––––––––––––––––––––––––– Histopathological Histopathological

Benign Malignant confirmation (+) confirmation (-)
(n=15) (n=14) p-value (n=29) (n=43)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gender 0.8367

Male 8 8 16 24
Female 7 6 13 19

Age (years) 64±11 66±9 0.3736 65±10 (48-82) 68±11 (41-90)

Symptom 0.1976
Present 5 6 11 2
Absent 10 8 18 41

CEA (ng/ml) 2.1±1.0 3.4±3.6 0.1561 2.8±1.9 (1-8) 5.1±12.9 (1-69)

CA19-9 (U/ml) 26.2±21.3 38.3±50.1 0.2118 28.3±48.3 (5-240) 22.1±14.7 (5-60)

Multiplicity >0.9999
Solitary 12 12 24 28
Multiple 3 2 5 15

Location 0.4865
Head or uncinate 6 7 13 19
Body 4 5 9 12
Tail 5 2 7 12

Type 0.5859
Main duct 1 2 3 1
Combined 6 7 13 9
Branch duct 8 5 13 33

Diameter of cystic lesion (mm)a 41±15 36±15 0.3498 39±15 (14-75) 21±14 (2-55)

MPD diameter (mm)b 7.6±3.0 13.8±11.9 0.1993 11.1±9.5 (5.0-41.0) 4.8±3.0 (2.1-11.0)

Mural nodule >0.0001
Present 3 13 16 6
Absent 12 1 13 37

Cytologyc 0.0006
Positive 0 9 9 1
Negative 13 5 18 21

Histopathological type -
Adenoma 14 - 14 -
Borderline lesion 1 - 1 -
CIS - 3 3 -
Invasive carcinoma - 11 11 -

SUVmax of FDG-PETd 1.8±0.3 4.7±3.0 0.0011 3.3±2.6 (1.3-13.5) 1.7±0.6 (1.0-4.4)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aDiameter of cystic lesion was determined on CT in patients with combined and branch types. bMPD diameter was determined on CT
in patients with main duct and combined types. cCytology was performed in 49 patients. dTwo patients were excluded from analysis
of SUVmax for hyperglycemia at the FDG-PET examination. CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen; MPD,
main pancreatic duct; CIS, carcinoma in situ; SUVmax, maximum standardized uptake value; FDG-PET, 2-[18F] fluoro-2-deoxy-D-
glucose positron emission tomography.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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100, and 96%, respectively. These values were superior to
those of CT parameters that had been reported previously
to be associated with a higher likelihood of malignancy
(5,9-17), including large cystic lesion size (≥3.0 vs. <3.0 cm),
and large dilatation of MPD (≥7 vs. <7 mm) (Table II). In
comparison to the presence/absence of mural nodules, which
is also previously reported to be associated with malignancy,
though the sensitivity was almost equal, the specificity and
accuracy were superior (Table II).

Combination of FDG-PET findings and mural nodule in
diagnosis of malignancy. Based on the above results, both
the FDG-PET findings and the presence/absence of mural
nodule on CT were considered useful in differentiation of
malignant IPMN. Therefore, the combination of SUVmax
of FDG-PET and mural nodule on CT were used for the diag-
nosis of malignancy (Fig. 4). In this analysis, SUVmax of
≥2.5 was considered positive for malignancy. All patients
with SUVmax ≥2.5 and mural nodule were histopatho-
logically confirmed to have malignant IPMN (n=12), and all
patients with SUVmax <2.5 and no mural nodule had benign
IPMN (n=11). A representative patient with malignant IPMN,
positive PET finding and mural nodule is shown in Fig. 5A.
In the remaining 5 patients, there was discrepancy in PET
findings and presence/absence of mural nodule. Four of the 5
patients had mural nodule on CT scans, but their nodule was
negative on FDG-PET. Among the 4 patients, 3 were con-
firmed to have benign tumors and one had malignant IPMN.
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Figure 3. ROC curve for the differential diagnosis of benign IPMN and
malignant IPMN according to SUVmax of FDG-PET. Data on the curve
represent SUVmax cut-off levels of 1.5-3.5. For abbreviations, see Fig. 1.
ROC, receiver operating characteristic.

Table II. Distribution of patients, sensitivity, specificity and accuracy of FDG-PET and certain CT parameters associated with
a higher likelihood of malignancy.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CT Findings
––––––––––––––––––––––––––––––––––––

FDG-PET (SUVmax cut-off value)a Diameter MPD
–––––––––––––––––––––––––––––––––––– of cystic diameter Mural

2.0 2.5 3.0 lesion (mm)b (mm)c nodule
––––––––– ––––––––– ––––––––– –––––––––– ––––––––– ––––––––

n (+) (-) (+) (-) (+) (-) ≥30 <30 ≥7 <7 (+) (-)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Adenoma 14 2 11 0 13 0 13 11 2 2 4 2 12
Borderline 1 0 1 0 1 0 1 1 0 1 0 1 0
Carcinoma in situ 3 2 1 2 1 0 3 1 1 1 2 2 1
Invasive carcinoma 11 11 0 11 0 10 1 6 4 5 1 11 0
Sensitivity (%) 93 93 71 58 67 93
Specificity (%) 86 100 100 14 57 80
Accuracy (%) 89 96 86 35 63 86
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aIn the analysis of the FDG-PET (SUVmax cut-off value) (left side), one adenoma patient with hyperglycemia at the FDG-PET examination
was excluded. bDiameter of cystic lesion was determined on CT in patients with combined and branch types. cMPD diameter was
determined on CT in patients with main duct and combined types. FDG-PET, 2-[18F] fluoro-2-deoxy-D-glucose positron emission tomo-
graphy; SUVmax, maximum standardized uptake value; MPD, main pancreatic duct.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. Correlation between histopathological type and results of com-
bination of FDG-PET (SUVmax) and CT (mural nodule) in 28 patients with
IPMNs. Among the enrolled 29 patients, one patient with hyperglycemia
at the FDG-PET examination was excluded. For abbreviations, see Fig. 1.
CT, computed tomography.
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The CT and FDG-PET of a representative patient with mural
nodule who had negative FDG-PET is shown in Fig. 5B.
On the other hand, one patient with malignant IPMN had a
positive lesion on FDG-PET (in pancreatic body), but mural
nodule could not be identified even on thin-slice CT scans
(Fig. 5C).

Follow-up of patients without surgical resection. The clinical
characteristics of the 43  patients followed up without
surgical resection are also shown in Table I. In 4 of the 43
patients followed up, the SUVmax was ≥2.5. One patient,
who had a mural nodule suggesting malignancy with the
SUVmax being 4.4, did not undergo surgery because of
refusal, but wished to be followed up without any treatment.
Now, 10 months after the start of follow-up, the tumor
has been gradually increasing and a pulmonary metastasis
has identified. In one patient having a mural nodule with the
SUVmax being 3.2, who also did not undergo surgery for
poor risk and followed-up without any treatment, the tumor
has been gradually increasing, now, 24 months after the start
of follow-up. In the remaining 2 patients, the tumor had
gradually progressed despite chemotherapy, and then they
died of the invasive cancer. On the other hand, in the
remaining 39 patients with the SUVmax <2.5, the tumor has
been unchanged for the follow-up period. The median
follow-up period of the 39 patients was 24 months. Under
the condition that the histopathological type of IPMN in the
patients with growing tumor and the patients with
unchanged tumor were hypothesized as malignant and
benign, respectively, the sensitivity, specificity, and accuracy
of FDG-PET with cut-off level being 2.5 for the differen-
tiation of malignant IPMN were 100, 100, and 100%.

Discussion

In the present study, the sensitivity, specificity, and accuracy
of FDG-PET were examined using several cut-off levels
of SUVmax to differentiate between benign and malignant
IPMN of the pancreas. The results showed that at the optimal
cut-off level of SUVmax was 2.5, with the specificity,

sensitivity and accuracy being 93, 100 and 96%, respectively.
Mansour et al (24) previously examined 68 patients with
pancreatic cystic tumors and reported that the sensitivity
and specificity of PET for malignancy were 57 and 85%,
respectively. However, only 5 patients had an IPMN, and
since detailed criteria for the positive/negative PET findings
were not reported in that study, it is difficult to compare
the results of our current study to their study. On the other
hand, Sperti et al (25) reported that FDG-PET was useful
for differentiation of benign and malignant IPMN with
the specificity, sensitivity and accuracy of 92, 97 and 95%,
respectively, using a cut-off level of SUVmax of 2.5, though
it was not clear in their report whether they had investigated
the usefulness with any cut-off levels of SUVmax other
than 2.5. The results of the present study were in agreement
with those reported by Sperti et al (25). However, since such
sensitivity, specificity, and accuracy calculations generally
depend highly on the underlying prevalence of the disease,
one should also consider the underlying prevalence of the
diseases, in the comparison of such calculations.

In the use of FDG-PET imaging for the diagnosis of
pancreatic tumors, we should remember that the FDG can
accumulate in chronic and acute pancreatitis and results in
false-positive interpretations on PET imaging. Furthermore,
IPMN is sometimes associated with secondary pancreatitis
due to disturbance in the run-off of pancreatic juice (29).
However, in the present study, the specificity of FDG-PET
was 100%, and false-positive PET scans from pancreatitis
were not observed.

In addition to the FDG-PET findings, we also examined
in the present study the diagnostic utility of conventional
modalities including pancreatic duct lavage cytology and/or
pancreatic juice cytology and certain imaging parameters,
which are known to be associated with a higher likelihood
of malignancy. The results of pancreatic duct lavage cyto-
logy and/or pancreatic juice cytology also actually helped
discriminate benign and malignant tumors in this study.
However, cytology frequently results in false-negatives or
inconclusive results, and it is of diagnostic value only if cancer
is proven. Therefore, it is difficult to compare its usefulness
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Figure 5. CT and FDG-PET findings of three representative cases [(A) malignant IPMN, (B) benign IPMN, (C) malignant IPMN]. Arrows, mural nodules
on CT; arrowheads, the most intense area of FDG accumulation on PET. For abbreviations, see Fig. 1. CT, computed tomography.
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to that of other modalities. This study also showed the low
power of other imaging parameters, apart from mural nodule,
such as large/small size of cystic lesion and dilated/non-
dilated MPD, in the differentiation of malignant from benign
IPMN, which may be partly due to the potential prejudices in
selection of the enrolled patients; the enrolled patients might
be necessary for surgery. On the other hand, the presence/
absence of mural nodule, which has been considered an
indicator of malignancy in IPMN, was found to be useful in
the differentiation of malignancy in this study (12,13,15-17).
The sensitivity, specificity, and accuracy of the presence/
absence of mural nodule in the differentiation of malignant
IPMN were 93, 80 and 86%, respectively. This diagnostic
value of the presence/absence of mural nodule was in
agreement with some previous reports (15,16).

In this analysis, the specificity and accuracy of the
presence/absence of mural nodule in the differentiation of
malignant IPMN were just slightly inferior to those of the
FDG-PET findings, and the sensitivity was almost equal,
which suggests that we can actually obtain information enough
for the differentiation from CT findings alone. However, as
shown in Table II and Fig. 4, there were four cases with
discrepancy between the presence/absence of mural nodule
and histopathological finding (one malignant patient positive
on FDG-PET without mural nodule, and three benign patients
with mural nodule and negative FDG-PET finding). In all
the four cases, the FDG-PET findings with SUVmax cut-off
value being 2.5, corresponded perfectly to the histopatho-
logical findings. Considering such clinical significance in the
FDG-PET, the FDG-PET examination was found significant
in combination with CT. Reflecting the result of this study,
patients with positive FDG-PET finding despite negative CT
findings should be considered as potentially malignant, and
be recommended undergoing surgery. On the other hand,
now, we cannot exclude PET-negative patients with suspicious
malignant CT finding from surgical indication. However,
in future, by collecting histopathological information of
such patients, some of such patients may be expected to be
followed-up without surgical resection.

In addition to the surgically-resected IPMN patients,
IPMN patients without surgical resection were investigated.
In general, since most IPMNs are generally slow-growing
tumors, it is not determined that IPMNs which have been
unchanged for a certain period without histopathological
confirmation of the resected specimens are considered to
be benign (30). For this reason, patients without histo-
pathological confirmation of the resected specimens were
excluded from the present study, and only patients with
IPMN which had been histopathologically confirmed in
resected specimens were included in the present study. How-
ever, in the patients without surgical resection, the tumor
with the SUVmax <2.5 has been unchanged during the
follow-up period, and the tumor with the SUVmax ≥2.5 had
grown, which suggests association of tumor progression with
the FDG-PET findings. Considering the association, the
utility of the FDG-PET in the differentiation of benign and
malignant IPMN is suggested to be validated in patients
without surgical resection.

In summary, FDG-PET is a useful imaging technique
for the diagnosis of malignant IPMN of the pancreas when

used with SUVmax cut-off level of 2.5, with specificity,
sensitivity and accuracy of 93, 100 and 96%, respectively.
We recommend the use of FDG-PET in combination with
CT for the diagnosis of malignant IPMN of the pancreas.
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