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Use of F-18 Fluorodeoxyglucose Positron Emission Tomography With
Dual-Phase Imaging to Identify Intraductal Papillary Mucinous Neoplasm
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BACKGROUND & AIMS: We investigared the usefulness
of dual-phase F-18 fluorodeoxyglucose positron emission to-
mography with computed tomography (FDG-PET/CT) to dif-
ferentiate benign from malignant intraductal papillary muci-
nous neoplasms (IPMNs) and to evaluare branch-duct IPMNs.
METHODS: We used FDG-PET/CT to evaluate IPMNs in 48
consecutive patients who underwent surgical resection from
May 2004 ro March 2012. IPMNs were classified as benign (n =
16) or malignant (n = 32) on the basis of histology analysis.
The ability of FDG-PET/CT ro idencify branch-duct IPMNs was
compared with thar of the International Consensus Guidelines.
RESULTS: The maximum standardized uptake value (SUV-
max) was higher for early-phase malignant IPMNs than that for
benign IPMNs (3.5 = 2.2 vs 1.5 £ 0.4, P < .001). When the
SUVmax cucoff value was ser at 2.0, early-phase malignant
IPMNs were identified with 88% sensitivity, specificity, and
accuracy. The retention index values for malignant and benign
IPMNs were 19.6 £ 17.8 and —2.6 = 12.9, respectively. When
the SUVmax curoff was set to 2.0 and the recention index value
to —10.0, early-phase malignant IPMNs were identified with
88% sensitivity, 94% specificity, and 90% accuracy. In identifica-
tion of branch-duct IPMNs, when the SUVmax cutoff was set to
2.0, the sensitivity, specificity, and accuracy values were 79%,
92%, and 84%, respectively. By using a maximum main pancre-
atic duct diameter =7 mm, the Guidelines identified branch-
ducr IPMNs with greater specificity than FDG-PET/CT. The
Guidelines criteria of maximum cyst size =230 mm and the
presence of intramural nodules identified branch-duce IPMNs
with almost equal sensitivity to FDG-PET/CT. CONCLU-
SIONS: Dual-phase FDG-PET/CT is useful for preopera-
tive identification of malignant IPMN and for evaluating
branch-duct IPMN.

Keywords: Pancreas;

Carcinoma.

Imaging; Diagnosis; Comparison;

Since its first description by Ohashi et al' in 1982, the
reported incidence of intraductal papillary mucinous neo-
plasm (IPMN) has been increasing because of improvements in
imaging modalities and growing clinical awareness. IPMN is
defined as an intraductal tumor formed of papillary prolifera-
tions of pancreatic mucin-producing epithelial cells.” TPMN
manifests in a variery of histologic grades, is associared with the
adenoma-carcinoma sequence, and may be benign or malig-
nanc.* The frequency of malignancy differs according to type of
IPMN. The risk of malignancy in main-duct type IPMN is

57%-92%,*¢ as compared with branch-duct type IPMN, in
which the risk of malignancy ranges from 6% to 46%.7? Because
of the poor prognosis of invasive carcinoma,'’ tumor resection
is the only curative treatment for malignant IPMN. However,
preoperative determination of malignant IPMN remains diffi-
cult, even with different imaging techniques.

In 2004, the International Association of Pancreatology out-
lined International Consensus Guidelines (ICG) for the man-
agement of IPMN."! The ICG recommends surgical resection in
all cases of main-duct type IPMN. Because of the low malignant
potential of branch-duct type IPMN, the ICG recommends
surgical resection in the presence of 1 or more of the following
clinical indicators: (1) cyst-related symptoms, (2) main pancre-
atic duct (MPD) diameter =7 mm, (3) cyst size =30 mm, (4)
presence of intramural nodules, and (5) cyst fluid cyrology
suspicious/positive for malignancy. However, proper treatment
strategy for branch type IPMN has not been well established.

Characrerization of IPMN is accomplished by using sev-
eral imaging modalities such as multidetecror row computed
tomography, magnetic resonance cholangiopancreatography
(MRCP), and endoscopic ultrasonography (EUS). F-18 fluo-
rodeoxyglucose positron emission tomography/computed
tomography (FDG-PET/CT) has been widely used in the
evaluation of various malignancies. FDG-PET/CT is a func-
tional and anatomic imaging modality rhat detects abnor-
malities in glucose merabolism by using a glucose analogue
combined with anatomic correlation. However, use of FDG-
PET/CT in the evaluation of malignant IPMN has been
limited.'*"!S Because FDG is not a tumor-specific substance,
it accumulates in inflammatory lesions, which can cause
false-positive results.!¢ To solve this problem, some investi-
gators' ™! performed dual-phase FDG-PET imaging, which
includes delayed-phase imaging ro differentiate benign trom
malignant lesions in various cancers. However, the useful-

Abbreviations used in this paper: EUS, endoscopic ultrasonography;
FDG-PET/CT, F-18 fluorodeoxyglucose positron emission tomography/
computed tomography; HGD, high-grade dysplasia; ICG, International
Consensus Guidelines; IGD, intermediate-grade dysplasia; IPMN, intra-
ductal papillary mucinous neoplasm; LGD, low-grade dysplasia; MPD,
main pancreatic duct; MRCP, magnetic resonance cholangiopancre-
atography; Rl, retention index; SUVmax, maximum standardized up-
take value.
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ness of dual-phase imaging in differentiating between benign
and malignant IPMNs has not been previously examined.

The primary objective of the current scudy was to evaluare
the usefulness of FDG-PET/CT in differentiating between his-
tologically confirmed benign and malignant IPMNs. The effi-
cacy of dual-phase imaging was also examined. In addition, the
usefulness of FDG-PET/CT in branch-duct type IPMN was
compared with evaluation that is based on clinical features that
indicate malignant potential according to the ICG.

Materials and Methods
Patients

Between May 2004 and March 2012, FDG-PET/CT was
used in the evaluation of 48 consecutive patients with IPMN in
whom tumors were surgically resected at our institute. Final
pathologic diagnoses were obtained by pathologic review of the
surgical specimens and confirmed on the basis of the World
Health Organization classification.? In this study, medical re-
cords of these 48 histologically confirmed cases of IPMN were
analyzed retrospectively.

In all pacients, sex, age, serum carcinoembryonic antigen
levels, serum carbohydrate antigen 19-9 levels, tumor location,
type of IPMN, MPD diameter, cyst size, presence and height of
intramural nodules, and maximum standardized uptake value
(SUVmax) in the early phase were investigated. In 18 patients,
SUVmax in the delayed phase was also investigated. Mulride-
tector row computed tomography, EUS, and MRCP were per-
formed for all patients. In 41 patients, pancreatic juice was
sampled before surgical resection for cyrologic examinartion.
Diagnoses based on cytology were categorized into the follow-
ing 5 groups: benign, reactive process, atypical cells indecermi-
nate for malignancy, malignancy strongly suspected, and cytol-
ogy conclusive for malignancy. Cyrologic results in which
malignancy was strongly suspected or conclusive were regarded
as cancer positive, and arypical results were regarded as cancer
negative. In chis study, MPD diameter, cyst size, and presence
and height of intramural nodules were measured by EUS. IPMN
was classified into 2 types, main-duct type and branch-duct
type, according to the location of the main lesion and on the
basis of histologic features.

Surgical Indications

Surgical resection was performed in all cases of main-
duct type IPMN and in cases of branch-duct type IPMN that
mert at least 1 of che following ICG criteria'’: cyst size =30 mm,
MPD diameter =7 mm, presence of intramural nodules, or
cyrologically confirmed mialignant and symptomatic IPMN.
Types of surgery performed included pancreaticoduodenec-
tomy (n = 23), distal pancreatectomy (n = 23), and pancreare-
ctomy (n = 2).

Histopathologic Diagnosis

According to the World Health Organizarion classifica-
tion,* IPMN was classified into low-grade dysplasia (LGD),
intermediate-grade dysplasia (IGD), high-grade dysplasia
(HGD), or invasive carcinoma. In this study, malignant IPMN
was defined as FIGD and invasive carcinoma, and benign IPMN
was defined as LGD and IGD. Histopathologic analysis led to
diagnoses of LGD in 14 patients, IGD in 2 patients, HGD in 17
patients, and invasive carcinoma in 15 patients.
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F-18 Fluorodeoxyglucose Positron Emission

Tomography/Computed Tomography Imaging

FDG-PET/CT was performed in Chiba University Hos-
pital and Sannou Hospital. The PET scanners used were
Aquiduo (Toshiba Medical Systems, Tokyo, Japan), Advance
NXi (GE Healthcare, Waukesha, WI), and Discovery ST (GE
Healthcare). All patients fasted for at least 5 hours before
examination. Blood glucose was measured before injection of
FDG. The injection dose was 4 MBq/kg depending on the
patient’s weight. Early-phase scans were performed 60 minutes
after injection in all 48 patients. Dual-phase FDG-PET/CT
scans were performed in the patients enrolled after April 2009.
Delayed-phase scans were performed 120 minures after injec-
tion in 18 patients. The reconstructed images were interpreted
by physicians with many years of experience in nuclear medi-
cine. FDG uptake was evaluared both visually and semiquanti-
tatively by using SUVmax. SUVmax was defined as the highest
pixel value related to the neoplasm burden in each study. It was
computed by using the following formula: SUVmax = Maxi-
mum activity concentration in the neoplasm (kBq/mL)/[In-
jected dose (MBq)/Body weight (kg)]. The retention index (RI)
was also defined by using the following formula: (SUVgauyed —
SUVeary) X 100/SUVepuy.

Statistical Analysis

Statistical differences between subgroups were deter-
mined by using the Mann-Whitney U test and the y* test. The
optimal cutoff value of SUVmax to differentiare benign from
malignant IPMNs was determined by receiver operating charac-
reristic analysis. Sensitivity, specificity, and accuracy were also cal-
culared. All statistical analyses were performed by using SPSS
software (SPSS version 20.0; SPSS, Inc, Chicago, IL). P values <.05
were considered to be statistically significant.

Results

Clinical characteristics of the 48 patients (32 men, 16
women; mean age, 68.6 = 7.3 years; range, 51-82 years) in-
cluded in this study are summarized in Table 1. On the basis of
histopathologic analysis, benign IPMN was diagnosed in 16
patients and malignant IPMN in 32 pacients.

The significant differences berween benign and malignant
IPMN cases are summarized in Table 1. No significant differ-
ences in sex, age, tumor Jocation, tumor type, tcumor markers,
cyst size, or presence of intramural nodules were observed
between the 2 groups. The mean MPD diameter in malignant
IPMN cases was larger than that in benign IPMN cases (8.1 *
4.0 mm vs 4.7 * 2.2 mm, P = .001). The mean height of the
intramural nodules was larger in malignant IPMN cases than
that in benign IPMN cases (12.6 £ 6.2 mm vs 7.3 * 4.7 mm,
P = 021). In 41 patients, endoscopic retrograde cholangiopan-
creatography was performed for cyrologic analysis of pancreatic
juice before surgical resection. From these resules, 8 patients
(16.7%) were diagnosed with malignant IPMN.

The mean SUVmax in the early phase of IPMN in all 48 cases
was 2.9 & 2.0 (range, 1.0-12.3). The mean SUVmax in the early
phase of malignant IPMN was significantly higher chan chat in
benign IPMN cases (3.5 £ 2.2 vs 1.5 £ 0.4, P < .001).

Figure 1 depicts correlations berween histopathologic types
of IPMN and SUVmax in the early phase. Mean SUVmax in the
eatly phase of LGD and IGD, HGD, and invasive carcinoma
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Table 1. Clinical Characteristics of 48 IPMN Patients

Benign Malignant
(n = 16) (n =32 P value
Sex .5882
Male 12 20
Female 4 12
Age (¥) 67.2*+7.9 69.3*+ 7.0 4240
Location 9192
Head 7 16
Body + tail 9 16
Type 2342
Main duct 3 13
Branch duct 13 19
Diameter of MPD (mm) 4.7 2.2 81*40 .001b
Cyst size (mm) 27.3x7.6 29.9 = 20.4 974t
Intramural nodules 4219
Present 10 25
Absent 6 7
Height of intramural 7.3+x4.7 12.6 £ 6.2 .021b
nodules (mm)
Cytology of pancreatic juice 4662
(N = 41)
Negative 11 22
Positive 1 7
Tumor marker
Carcinoembryonic 3.4*+138 4.0+ 3.3 678"
antigen (ng/ml)
Carbohydrate antigen 16.6 = 16.6 43.0 £ 60.3 1670
199 (U/mL)
SUVmax (early phase) 1.5+ 0.4 3.56+x22 <.001®

ay? test.
5Mann-Whitney U test.

were 1.5 = 0.4, 2.6 £ 0.9, and 4.6 = 2.7, respectively. The mean
SUVmax in the early phase of HGD cases was significantly
higher than that of LGD and IGD (P < .001). The mean
SUVmax in the early phase of invasive carcinoma was also
higher than that in HGD cases (P < .001).

P < .001 P < .001
14+ P Lo
— 15104 26£09 24627
2 124
©
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Figure 1. Correlation between pathologic type IPMN and SUVmax in
the early phase. The SUVmax on early phase of LGD and 1GD, HGD,
and invasive carcinoma was 1.5 = 0.4, 2.6 = 0.9, and 4.6 * 2.7,
respectively. The SUVmax of HGD was statistically higher than those of
LGD and IGD (P < .001). The SUVmax of invasive carcinoma was also
higher than that of HGD (P < .001). *Mann-Whitney U test.
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Figure 2. Results for 18 patients in whom dual-phase FDG-PET/CT
was performed. Twelve of 13 malignant IPMNs (92.3%) had further
increase in SUVmax; 3 of 5 benign IPMNs (60.0%) had decrease in
SUVmax on delayed phase. The R of malignant and benign IPMNs was
19.6 = 17.8 and —2.6 = 12.9 (P = .030). If a combination of the
SUVmax cutoff value of 2.0 in the early phase and the Ri value of —10.0
for detection of malignant IPMN was used, one false-positive adenoma
case (SUVmax: early 2.4, delayed 2.0) may be diagnosed as benign
IPMN. *Mann-Whilney U test.

In this study, dual-phase FDG-PET/CT was performed in 18
patients. Histoparhologic analysis identified LGD and IGD in §
of chese patients, HGD in 4, and invasive carcinoma in 9. Figure
2 shows RI values for these 18 patients. In 12 of the 13 cases of
malignant IPMN (92.3%), SUVmax increased further in the
delayed phase, whereas in 3 of S cases of benign IPMN (60.0%),
SUVmax decreased in the delayed phase. R values in malignant
and benign IPMNs were 19.6 = 17.8 and —2.6 % 12.9, respec-
tively. Differences between the 2 groups were statistically sig-
nificant (P = .030).

Table 2 displays values for the sensitivity, specificity, and
accuracy of FDG-PET/CT from the receiver operating charac-
ceristic analysis of malignant IPMN cases. When the cutoff
value of SUVmax in the early phase was set to 2.0, the sensitiv-
ity, specificity, and accuracy in malignant IPMN cases were all
88%. When the curoff value of SUVmax in the early phase was
set to 2.0 and the RI value was set at —10.0, the sensitivity,
specificity, and accuracy of FDG-PET/CT in malignant IPMN
cases improved to 88%, 94%, and 90%, respectively.

The usefulness of FDDG-PET/CT in evaluation of branch-
duct type IPMN was compared with that of evaluation accord-
ing to the dinical fearures indicating malignant potential in
IPMN, as outlined by the ICG (Table 3). In cases with branch-
duct type IPMN, when the cutoff value of SUVmax in the early
phase was set to 2.0, the sensitivity, specificity, and accuracy of
FDG-PET/CT in identifying malignant IPMN cases were 79%,
92%, and 84%, respectively. By using the criteria of maximum
MPD diameter =7 mm and cyrologic analysis of pancreatic
juice, specificity was superior to that of FDG-PET/CT, but
sensitivity and accuracy were inferior to those of FDG-PET/CT.
On the other hand, by using the crireria of maximum cyst size
=30 mm and the presence of intramural nodules, sensitivity
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Table 2. Diagnosis by Using SUVmax (Early Phase) Alone
and Combination of SUVmax (Early Phase) and Rl
for Detection of Malignant IPMNs

Final diagnosis

Benign Malignant
FDG-PET/CT dizagnosis LGD + IGD HGD Invasive
Cutoff value: 2.0 for SUVmax in early
phase
Positive 2 13 15
Negative 14 4 0
Sensitivity (%) 88
Specificity (%) 88
Accuracy (%) 88
Cutoff value: 2.0 for SUVmax in early
phase and —10.0 for Rl
Positive 1 13 15
Negative 15 4 0
Sensitivity (%) 88
Specificity (%) 94
Accuracy (%) 90

was almost equal to that of FDG-PET/CT, but specificity and
accuracy were inferior to those of FDG-PET/CT.

Discussion

In this study, the preoperarive usefulness of FDG-
PET/CT in differentiating between histologically confirmed be-
nign and malignant IPMNs was evaluated. When the cutoff
value for SUVmax in the early phase was set to 2.0, the sensi-
tivity, specificity, and accuracy in identifying malignant IPMN
cases were all high (88%). Several other studies have also dem-
onstrated the usefulness of FDG-PET/CT in detecting malig-
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nant IPMN. Sperti et al'? reported sensitivity, specificity, and
accuracy levels of 92%, 97%, and 95%, respectively, at a cutoff
level of 2.5 in 64 patients with IPMN. Tomimaru et al'? exam-
ined several cucoff levels in 29 cases of IPMN. The sensitivity,
specificity, and accuracy levels in that study were 93%, 100%,
and 96%, respectively, at a cutoff level of 2.5 and 93%, 86%, and
89%, respecrively, at a cutoff level of 2.0.

In the current study, the optimal cutoff value was set at 2.0,
slightly lower than that used in previous studies. On the basis
of the results of this study and those of previous studies, a
curoff value berween 2.0 and 2.5 may be optimal. The cutoff
value was low in this study because of the higher number of
patients diagnosed as HGD than were diagnosed with invasive
carcinoma in the group of patients with malignant IPMN. In
the report of Sperti et al,'* 21 of 26 malignant IPMN cases were
diagnosed with invasive carcinoma. In the report of Tomimaru
et al,' 11 of 14 malignant IPMN cases were diagnosed with
invasive carcinoma. Therefore, the incidence of invasive carci-
noma was higher in those studies than in the present study.

EDG-PET/CT has been widely used in the evaluation of
various malignant lesions, but high SUVmax may also be found
in various benign conditions evaluated by using this modality
because FDG is not a tumor-specific substance. FDG also ac-
cumulates in inflammarory lesions, which can cause false-pos-
itive results.'® Dual-phase FDG-PET/CT has been performed in
some studies’™ ¥ to differentiate benign from malignant lesions
in various cancers. The longer rime required for levels of FDG
to plateau in cancer cells than in inflammatory cells may be
related to the up-regulation of glucose consumption demon-
strated in malignant cells to obtain more energy for prolifera-
tion. This leads to graded concentrations of FDDG in tumor
cells. In contrast, a prolonged period of FDG uprtake is less
common in inflammartory lesions or normal tissues.!® Potential
limitations of dual-phase FDDG-PET/CT include its low avail-
ability, high exposure to radiation, and increased procedural
time.

Table 3. Usefuiness of FDG-PET/CT in Evaluation of Branch-Duct Type IPMN Compared With That of Evaluation According to
Clinical Features Indicating Malignant Potential in IPMN, as Outlined by the ICG

Final diagnosis

Benign Malignant
Clinical parameters LGD + IGD HGD Invasive Sensitivity (%) Specificity (%) Accuracy (%)
FDG-PET/CT cutoff value: 2.0 for SUVmax
in early phase
Positive 1 8 7 79 92 84
Negative 12 4 0
Diameter of MPD (mm)
=7 0 5 4 47 100 69
<7 13 7 3
Cyst size (mm)
=30 9 9 6 79 31 59
<30 4 3 1
Intramural nodules
Present 8 11 5 84 38 66
Absent 5 1 2
Cytology of pancreatic juice (N = 26)
Positive 0 1 1 13 100 46
Negative 10 9 5
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In pancreatic diseases, Nakamoto et al*' suggested that dual-
phase FDG-PET/CT may be a reliable method of differentiaring
pancreatic cancer from chronic pancreatitis. Okano et al* in-
dicated thar dual-phase FDG-PET/CT is a useful modality for
detection of small pancreatic cancers. However, the usefulness
of dual-phase FDG-PET imaging in differentiation between
benign and malignant IPMNs was not examined in other stud-
ies. IPMN shows a wide spectrum of histologic grades ranging
from benign ro malignant neoplasms. Benign IPMN is thought
to be low in merabolic activity; cherefore, we assumed SUVmax
of benign IPMN to decrease in the delayed phase.

In this study, dual-phase FDG-PET/CT imaging was per-

formed in 18 pacients. RI values in malignant and benign IPMN

cases were 19.6 = 17.8 and —2.6 * 12.9, respectively, and a
significant difference was observed berween the 2 groups. Fur-
thermore, in 12 of 13 malignanc IPMN cases (92.3%), SUVmax
increased further in the delayed phase, whereas in 3 of 5 benign
IPMN cases (60.0%), SUVmax decreased in the delayed phase. If
a combination of the SUVmax cutoff value of 2.0 in che early
phase and the RI value of —10.0 for detection of malignant
IPMN was used, one false-positive case of adenoma (SUVmax:
early phase 2.4, delayed phase 2.0) may be diagnosed as benign
IPMN. Specificity improved from 88% to 94%, and accuracy
improved from 88% to 90%. Pancreatitis had been observed 1
month before FDG-PET/CT examination in this false-positive
case; therefore, FDG accumulation in an inflammatory lesion
may have been responsible for this false-positive finding. Thus,
this 2-step method of FDG-PET/CT may be useful for differ-
entiating between benign and malignant IPMNs.

The ICG recommends surgical resection for all cases of
main-duct type IPMN. On the other hand, branch-duct cype
IPMN has low malignant potential. However, management of
branch-duct type IPMN has not been well established. In this
study, FDG-PET/CT achieved good sensitivity, specificity, and
accuracy in branch-duct type IPMN (79%, 92%, and 84%, respec-
tively). FDG-PET/CT was also useful inn differentiating becween
benign and malignant disease in branch-duct type IPMN. The
ICG recommends evaluation according to cyst size, MPD diam-
eter, and the presence of intramural nodules in the tumor in
determination of malignant potential in cases of [PMN. The
validity of these recommendacions for the detection of malig-
nancy was retrospectively evaluated in 2 follow-up scudies. Both
studies found the ICG criteria to have a sensitivity of 100% in
diagnosing malignancy. However, the specificity of the guide-
lines in diagnosing malignancy was only 23%-31%, resulting in
a relacively high resection rate for those withour malig-
nancy.2

In chis study, the usefulness of FDG-PET/CT in detection of
malignancy in branch-duct type IPMN was compared with
detection that was based on these clinical features and EUS
findings. EUS is a highly operator-dependent procedure, but
several rerrospective studies®® ¢ have demonstrated its accuracy
in the diagnosis of IPMN. EUS has been used to detect intra-
mural lesions in the pancreatic duct, with good resulrs. Naka-
gawa et al?’ found EUS to be highly sensitive for intramural
lesion detection in cases of IPMN, burt the specificity of this
modality was low, as indicated by the relatively high rate of
false-positive cases in thart study. These results were caused by
mucin in the pancreatic duct, which may appear to be intra-
mural lesions on EUS. In the current study, EUS was suffi-
ciently sensitive in determination of cyst size 230 mm and the
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presence of intramural nodules, but specificity and accuracy
were inferior to those of FDG-PET/CT. On the other hand, EUS
showed good specificity for MPD diameter =7 mm, burt its
sensitivity and accuracy were inferior to those of FDG-PET/CT.
These results demonstrate the usefulness of FDG-PET/CT in
branch-ducr type IPMN compared with an evaluation that was
based on dlinical features suggesting malignant potential. In
the current study, clinical features were measured on the basis
of EUS findings, but MRCP also has been reported to be
effective for evaluating the ICG criteria.?® Baiocchi et al®® sug-
gested that a combination of MRCP and FDG-PET/CT would
be optimal for branch-duct IPMN.

Suggestions for treatment strategies in cases of IPMN can be
made on the basis of the results of the current scudy. Operative
adaprations have been narrowed down according to the ICG
criceria for IPMN; in these patients, if a combination of the
SUVmax cutoff value of 2.0 in the early phase and the RI value of
—10.0 in the FDG-PET/CT study was used, the diagnostic accu-
racy may be improved. Further studies on larger numbers of
patients are necessary to confirm the veliability of this strategy.

Conclusions

FDG-PET/CT with dual-phase imaging is a useful clin-
ical modality for preoperative determination of malignant
TPMN. FDG-PET/CT is useful in che evaluation of branch-duct
type IPMN compared with evaluadion that is based on the
clinical features suggesting malignant potential outlined in the
1CG.
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Background: Although gemcitabine has been widely used as a first-line chemo reagent for
patients with pancreatic cancer, the response rate remains low. We previously identified
Annexin II as a factor involved in gemcitabine resistance against pancreatic cancer. The
aims of this study were to elucidate the signaling mechanism by which Annexin II induces
gemcitabine resistance and to develop a new therapy that overcomes the resistance
against gemcitabine.
Methods: We compared the specific profiles of 12 targeted phosphorylated (p-) signaling
proteins in gemcitabine-resistant (GEM-) and its wild-type pancreatic cancer cell lines (MIA
PaCa-2) using the Bio-Plex assay system. We also evaluated the expression levels of
Annexin I and two phosphoproteins, which showed different expressions in these two cell
lines, by immunohistochemistry.
Results: Annexin II overexpression was significantly associated with rapid recurrence after
gemcitabine-adjuvant chemotherapy in patients with resected pancreatic cancer (P < 0.05).
Bio-Plex analysis showed up-regulation of p-Akt in GEM-MIA PaCa-2 cells in which Annexin
IIis highly expressed. The expression level of p-Akt was significantly correlated with that of
the downstream protein, p-mTOR, in pancreatic cancer tissues. Inhibition of mTOR
phosphorylation canceled gemcitabine resistance in GEM-MIA PaCa-2 cells.
Conclusions: The Akt/mTOR pathway is involved in mechanisms of gemcitabine resistance
induced by Annexin II in pancreatic cancer cells. This indicates that combination therapy
with the mTOR inhibitor may overcome gemcitabine resistance. Annexin Il as an indicator
for selection of gemcitabine resistance could thus be applied to the development of novel
tailor-made approaches for pancreatic cancer treatment.

© 2012 Elsevier Inc. All rights reserved.
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1. Introduction

Recent advances in pancreatic cancer treatment have
improved the prognosis of the disease. However, these
improvements have yet to achieve satisfactory efficacy of
patients with pancreatic cancer, in whom the 5-y survival rate
is <10%. Although surgical resection is the only hope for
a cure, the prognosis of the patient remains poor even after
curative surgery because of the high recurrence rate [1,2].

Since Burris et al [3] showed the efficacy of gemcitabine as
a chemotherapeutic reagent for pancreatic cancer, this drug
has become first-line therapy for patients with unresectable
pancreatic cancer. This new chemotherapy has also been
applied to multidisciplinary treatments, combining surgery
and chemotherapy. Oettle et al [4] indicated that adjuvant
chemotherapy using gemcitabine improved disease-free
survival in patients with resected pancreatic cancer.

Because the efficacy of gemcitabine is limited, with
a response rate of about 5% [3], combinations with other
cytotoxic agents or molecular targeting agents have been
tested in systematic chemotherapy or the adjuvant therapy
setting. To date, only minor or no additional effects have been
reported [5,6]. Clarification of the molecular mechanisms of
resistance against gemcitabine is needed for the development
of a new therapy to overcome this resistance.

We recently reported Annexin II as a gemcitabine-resistant
factor by comparing the protein profiling of gemcitabine-
resistant (GEM-) and wild type (WT-) MIA PaCa-2 cell lines
using two-dimensional gel electrophoresis [7,8]. Inmunohis-
tochemistry demonstrated Annexin II expression mainly at
the surface of pancreatic cancer cells, as well as an association
of its high expression with rapid recurrence after gemcitabine-
adjuvant chemotherapy in postoperative patients with
pancreatic cancer. We also found that inhibition of Annexin II
expression in GEM-MIA PaCa-2 cells significantly increased the
chemocytotoxic efficacy of gemcitabine [8]. Therefore, we
pursued the role of Annexin II in gemcitabine resistance in
pancreatic cancer cells.

Annexins comprise a family of calcium-dependent phos-
pholipid-binding cell surface proteins that have diverse cellular
functions, including membrane-cytoskeleton organization,
vesicular trafficking, and regulation of ion channel activity {9].
Annexin II was also found to be a chemoresistant factor in
human breast cancer [10—12]. Zhang et al [12] indicated that
Annexin Il has a critical role in the invasion and metastasis of
Adriamycin-resistant breast cancer cells, and that this ability is
associated with multidrug resistance. However, it is unclear
how Annexin I induces chemoresistance in cancer cells.

Phosphorylation of multiple signal transduction pathways
in cancer cells is crucial for cancer proliferation and survival.
Signaling pathways such as extracellular signal-related kinase
(ERK) signal and Akt/mammalian target of rapamycin (mTOR)
pathways are well known to be involved in pancreatic cancer
cell growth [13].

Herein, we tried to determine the signaling pathway
involved in gemcitabine resistance by Annexin II using the
Bio-Plex phosphorylation protein assay system, and found the
Akt/mTOR signaling pathway to be involved in Annexin
II-related gemcitabine resistance. We also found that

application of both Annexin II and specific inhibition of the
Akt/mTOR pathway may provide novel molecular targets for
pancreatic cancer therapy.

2. Materials and methods
2.1.  Tissue samples

We obtained formalin-fixed paraffin-embedded tissues from
107 patients with pancreatic cancer who had undergone
pancreatectomy at Chiba University Hospital between 2001
and 2009. All patients had been diagnosed histologically with
primary invasive pancreatic ductal adenocarcinoma for which
surgery was curative. The ethics committee of our institute
approved this protocol and we obtained written informed
consent from each patient before surgery.

2.2.  Immunohistochemistry

We performed immunohistochemical analysis as described
previously {8]. We used the following primary antibodies and
detected the epitopes using the LSAB+ kit (Dako, Tokyo,
Japan): anti-Annexin II polyclonal antibody (Santa Cruz
Biotechnology, Inc, Santa Cruz, CA; diluted 1:300), anti-human
phospho( p)-Akt (Ser473) monoclonal antibody (Cell Signaling
Technology, Beverly, MA; diluted 1:50), and anti-human
p-mTOR (Ser2448) monoclonal antibody (Cell Signaling Tech-
nology; diluted 1:50). We scored staining patterns as described
previously [8]: low expression = 0%—30% of tumor cells with
positive staining, and high expression = >30% of tumor cells
with positive staining.

2.3.  Cell lines and reagents

We obtained the human pancreatic cancer cell line, MIA
PaCa-2 (named WT-MIA PaCa-2 in this study), from American
Type Culture Collection (Manassas, VA). We established the
gemcitabine-resistant MIA PaCa-2 (GEM-MIA PaCa-2) cell line
by exposing gemcitabine to WT-MIA PaCa-2 cells repeatedly,
as previously described [7]. We maintained WT- and GEM-MIA
PaCa-2 cells as previously described [7], and purchased
gemcitabine and rapamycin from Toronto Research Chem-
icals (Toronto, Canada) and Calbiochem (Darmstadt,
Germany), respectively.

2.4.  Bio-Plex phosphorylation protein assay system

Phosphoproteins were analyzed using Bio-Plex phosphopro-
tein array (Bio-Rad, Hercules, CA) based on multiplex sand-
wich bead immunoassays. We used phosphoprotein
determination kits (Bio-Rad) according to the manufacturer’s
recommendations. We prepared protein extracts using a cell
lysis kit (Bio-Rad).

Briefly, we incubated protein extracts overnight in 96-well
plates with fluorescent capturing beads coupled to antibodies
directed against 12 phosphoproteins (p-Akt, p-NF-«Bp65,
p-ERK1/2, p-JNK, p-MEK1, p-p38MAPK, p-CREB, p-p70S6kinase,
p-HSP27, p-PDGF receptor-B, p-Stat3, and p-Stat6) and 8 total
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proteins (t-Akt, t-IkB-«, t-ERK1/2, t-JNK, t-MEK1, t-p38MAPK,
t-CREB, and t-HSP27). We washed plates and incubated them
with biotinylated antibodies fixing each target protein. We
then added streptavidin-phycoerythrin solution. We recorded
results as mean fluorescence intensities and compared them
with negative controls. We performed all experiments in
duplicate, two independent times.

2.5.  Western blotting

We purchased anti-t-Akt, anti-p-Akt (Ser473), anti-t-mTOR,
and anti-p-mTOR (Ser2448) monoclonal antibodies from Cell
Signaling Technology, and anti-Annexin II polyclonal antibody
and anti-B-actin antibody from Santa Cruz Biotechnology. We
washed subconfluent WT- and GEM-MIA PaCa-2 cells in six-
well plates twice with phosphate-buffered saline, lysed them
with appropriate lysis buffer, and incubated them after
centrifugation, as previously described [8]. We separated the
supernatant proteins (20 pg) by electrophoresis on 10%—20%
gradient gels (PerfectNT Gel; DRC, Tokyo, Japan) for t-Akt and p-
Akt, and 7.5% gels for t-mTOR and p-mTOR. We transferred
these proteins to polyvinylidene fluoride membranes (Milli-
pore, Bedford, MA), and reacted the membranes with anti-t-Akt
(diluted 1:1000), anti-p-Akt (diluted 1:2000), anti-t-mTOR
(diluted 1:1000), and anti-p-mTOR (diluted 1:1000) for 2 h at

x100
Annexin II Low expression

GEM-adjuvant group

room temperature. We used goat anti-rabbit immunoglobulin
G horseradish peroxidase (diluted 1:2000) and rabbit anti-goat
immunoglobulin G horseradish peroxidase (Cappel, West
Chester, PA; diluted 1:500) in blocking buffer as secondary
antibodies. We detected antigens on the membrane using
enhanced chemiluminescence detection reagents (Amersham
Pharmacia Biotech, Piscataway, NJ). We measured the intensity
of each band using NIH image (NIH, Bethesda, MD) and calcu-
lated the relative protein levels normalized to that of B-actin.

2.6.  Inhibition of Annexin II expression using short
interfering RNA (siRNA) in vitro

We performed the specific inhibition of Annexin Il expression as
described previously [8]. We used siRNA that specifically tar-
geted Annexin II mRNA (Anx2 siRNA) to reduce Annexin II
expression. The target sequences for Annexin II RNA interfer-
ence were composed of a duplex of siRNA: 5-GUUACAGCCC
UUAUGACAUTT-3 and 5-AUGUCAUAAGGGCUGUAACTT-3'.
We purchased double-stranded synthetic Anx2 siRNA and
luciferase (GL2) siRNA, as a negative control, from Sigma Aldrich
(Tokyo, Japan) and Qiagen (Tokyo, Japan), respectively. We
performed in vitro transfection using Lipofectamine 2000
reagent (Life Technologies, Carlsbad, CA) according to the
manufacturer’s instructions.
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Fig. 1 — Annexin Il expression level in pancreatic cancer tissue correlated with disease-free survival after gemcitabine
adjuvant chemotherapy. (A, B) Representative findings of Annexin Il immunohistochemistry in pancreatic cancer tissues.
Microscopic magnification at X100. Low Annexin II expression (A). High Annexin II expression (B). (G, D) Disease-free
survival of patients administered gemcitabine as the adjuvant therapy (GEM-adjuvant group) and those without adjuvant
therapy (non GEM-adjuvant group). Disease-free survival was shorter in patients showing a high expression of Annexin II
than in those showing a low expression (P < 0.05, log-rank test) in the GEM-adjuvant group (C) but not in the non GEM-
adjuvant group (D). We estimated disease-free survival using the Kaplan-Meier method and determined the difference
between curves using the log-rank test. (Color version of figure is available online.)
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Table 1

Characteristics of 92 pancreatic cancer patients with gemcitabine treatment in IHC analysis.

~papillary

. IPMC (invasive) "
Anaplastic carcinoma
*Adenosquamous carcmoma

uIcC =
free; R1 macroscopic matgm free

Intemauonal Union Agamst Cancer, NS not mgmﬁcant IPMC = mtraductal paplllary-mutmous carcmoma RO =

icroscopic margin -

2.7.  Cell cytotoxicity assay

We plated WT- and GEM-MIA PaCa-2 cells at 5 x 10° cells/well
in 96-well plates in Dulbecco’s modified Eagle’s medium
containing 10% fetal bovine serum and incubated them for
48 h. For cytotoxicity assay, after we changed the medium
with gemcitabine (50 ng/mlL) and/or rapamycin (50 nmol/L),
we incubated the cells for 72 h. We quantified the number of
viable cells by colorimetric cell proliferation assay using the
Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) according to
the manufacturer's instructions. We performed all experi-
ments in triplicate, four independent times.

2.8.  Statistical analysis

We applied Student’s t-test for statistical analysis of compara-
tive data. P values <0.05 were considered statistically significant.

3. Results

3.1. Patients with Annexin II overexpression in
pancreatic cancer are significantly associated with rapid
recurrence

We first examined Annexin II staining of pancreatic cancer
tissues by immunohistochemistry to confirm our previous
result showing that Annexin II expression level is correlated
with gemcitabine efficacy [8]. We performed immunohisto-
chemical analysis on 107 cancer tissues from patients with
curatively resected pancreatic cancer. We treated most of
these patients (n = 92) with gemcitabine as the adjuvant
chemotherapy after operation (GEM-adjuvant); the other 15
patients, including eight who treated with S-1 as the adjuvant
therapy, did not receive gemcitabine adjuvant therapy (non

Table 2 — Uni- and Multivariate disease free su
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Tumor location (Head/body-tall) . 0561 . 0328-0959 . <005 - 058 ,o 343—1 001
uice stage (1A, I, TIA/IIB, 111, IV) ; S 043¢ 02460766 . . <0005 0045 0.006-0.351
NG/ o 0492 0.282-0857 . <005 9658 1323—-70482
" Tumor differentiation (Poorly/well moderately) 1595 0.857-2.967 = NS s
Annexin [I-IHC staining (hlgh/low) : 1787 i 1.117-2:860 ¢ '<0.0S, i i 1.802; 1.121-—2.]896, '
: Resecuon status (RO/1) : 0775 0456-1.317 - NS ..o e  ,
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A Three cases of repeat pancr y after gemcitabine adjuvant chemotherapy
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DFS, disease free survival; IPMC, intraductal papillary-nucinous carcinoma; tubular, tubular adenocarcinoma; well,
welt differentinted type; mod, moderately differentiated type: -, no expression; +, weak expression; ++, strong

expression; ++, very strong expression.

x100

Primary tumor
(initial operation)

x100
Recurrence tumaor
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Fig. 2 — Annexin II expression is increased in recurrent pancreatic cancer after gemcitabine adjuvant chemotherapy. (A) The
backgrounds of three patients who underwent repeated pancreatectomy for recurrent cancer in remnant pancreas. Annexin
I expression is increased in recurrent cancer tissues compared with that in primary tumor in all three patients. (B, C)
Representative images of Annexin Il immunohistochemistry in primary (B) and recurrent (C) pancreatic cancer tissues after
gemcitabine adjuvant chemotherapy (Case 3 in [A]). (Color version of figure is available online.)

GEM-adjuvant). There were no statistical differences in
disease-free and overall survival between patients in GEM-
adjuvant and non GEM-adjuvant group (data not shown); this
result may have been because of adjuvant therapy with S-1,
which showed the same level of anti-tumor effect with gem-
citabine [14]. We analyzed Annexin II expression and evalu-
ated it as low or high (Fig. 1A and B). We observe a high leve] of
expression of Annexin I1in 55 of 92 patients (59.8%) in the GEM-
adjuvant group and 11 of 15 patients (73.3%) in the non GEM-
adjuvant group; the Annexin II expression pattern was not
significantly different between groups (data not shown).

We next focused on patients treated with gemcitabine as
the adjuvant therapy, to analyze whether Annexin II expres-
sion level is correlated with the efficacy of this drug. Because
many patients in GEM-adjuvant group received other
chemotherapy after recurrence, we focused on the disease-
free survival of these patients to analyze the efficacy of
gemcitabine. Kaplan-Meier analysis showed that a high
expression of Annexin II was significantly associated with
rapid recurrence (P < 0.05, log-rank test) (Fig. 1C). Median
disease-free survival was 9 mo for patients characterized with
a high expression and 21 mo for those characterized with
alow expression of Annexin II. Table 1lists the characteristics
of patients with pancreatic cancer in the GEM-adjuvant group;
we found no significant differences in patient background
between those in the low and high Annexin II expression
groups. Univariate and multivariate analysis showed that the
Annexin 1I expression level was an independent prognostic
factor for disease-free survival in these patients (Table 2). In
contrast, Kaplan-Meier analysis of patients in the non GEM-
adjuvant group revealed no correlation between Annexin II
expression level and disease-free survival time (Fig. 1D).

3.2.  Annexin II expression is increased in recurrent
cancer tissues of patients administered GEM as adjuvant
chemotherapy

Of the clinical cases, three patients in the GEM-adjuvant group
underwent a second operation for recurrent pancreatic cancer
in remnant pancreas after gemcitabine adjuvant chemo-
therapy. Fig. 2A shows the characteristics and clinical data of
these three patients. We analyzed changes in the expression
level of Annexin II in situ after long-term use of gemcitabine in
these patients. Fig. 2B and C (case 3) shows representative
results of Annexin II immunohistochemistry. In the primary
tumor resected at the initial operation, we observed weak and
faint Annexin II expression, which was increased in the
recurrent tumor compared with that in the primary tumor
(Fig. 2C). We saw this increase in Annexin II expression in the
recurrent tumor in all three patients (Fig. 2A). Thus, Annexin II
expression may gradually increase in recurrent cancer tissue
under exposure to gemcitabine.

3.3. Akt signal is highly activated in gemcitabine-
resistant pancreatic cancer cells

We next investigated the molecular mechanisms of resistance
against gemcitabine induced by Annexin II overexpression.
We analyzed the signaling pathways up-regulated in the
gemncitabine-resistant cell line, which overexpresses Annexin
I, compared with the wild-type cell line. Using the Bio-Plex
phosphorylation protein assay system, we compared the
expression levels of 12 phosphorylated and eight total
proteins (see details in Materials and Methods) in WT- and
GEM-MIA PaCa-2 cells. Among these proteins, the Akt signal
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Fig. 3 — Phosphorylation of the Akt signal is up-regulated
in gemcitabine-resistant pancreatic cancer cells expressing
Annexin II. (A) The relative phosphorylated ( p)— and total
(t)-Akt expression is 2.5-fold higher in GEM-MIA PaCa-2
cells than in WT-MIA PaGa-2 cells, as detected by Bio-Plex
phosphorylation protein assay analysis. (B) Western blot
analysis confirms up-regulation of Akt phosphorylation in
GEM-MIA PaCa-2 cells. The relative p- and t-Akt expression
in GEM-MIA PaCa-2 cells is approximately 3.9-fold higher
than in WT-MIA PaCa-2 cells. (C) Anx2 siRNA inhibits
Annexin II expression in GEM-MIA PaCa-2 cells. Western
blot analysis of Annexin II and p-actin in GEM-MIA PaCa-2
cells treated with GL2 siRNA as the negative control or
Anx2 siRNA. (D) The relative p- and t-Akt expression is
suppressed in Annexin II-inhibited GEM-MIA PaCa-2 cells.
Western blot analysis of p- and t-Akt, and B-actin as the
control, in GEM-MIA PaCa-2 cells treated with GL2 siRNA or
Anx2 siRNA. The intensity of each band is measured and
the relative protein levels normalized to that of B-actin are
calculated (B—D).

was highly activated in GEM-MIA PaCa-2 cells. The relative p-
to t-Akt expression in GEM-MIA PaCa-2 cells was 2.7-fold
higher than that in WT-MIA PaCa-2 cells (Fig. 3A). We
confirmed this increase in Akt phosphorylation in GEM-MIA
PaCa-2 cells by Western blot analysis (Fig. 3B).

Based on these results, we examined whether inhibition of
Annexin II expression by siRNA affects Akt signal activation.

Western blot analysis confirmed that Annexin II expression
was effectively inhibited by transfection of Anx2 siRNA
(Fig. 3C). Gene knockdown by the Anx2 siRNA resulted in the
suppression of Akt signal activation (down-regulation of
relative p- to t-Akt expression) in GEM-MIA PaCa-2 cells
(Fig. 3D). These results suggest that Annexin II overexpression
in gemcitabine-resistant cells is associated with cellular
signaling activation of the Akt pathway in vitro.

3.4.  Phosphorylation levels of Akt and mTOR are
significantly correlated in pancreatic cancer tissues

In all 92 patients in the GEM-adjuvant group, we analyzed
expression levels of activated Akt and mTOR (p-Akt and p-
mTOR) by immunohistochemistry. We mainly observed
expression of both p-Akt and p-mTOR in the cytoplasm of
cancer cells (Fig. 4A—D). We observed strong staining (i.e., high
expression) of p-Akt and p-mTOR in 38 (41.3%) and 43 (46.7%)
cases, respectively. Notably, high expression of p-Akt was
significantly associated with that of p-mTOR in serial sections
of the same specimen (P = 0.0005) (Fig. 4E).

3.5.  Inhibition of mTOR activation recovers sensitivity to
gemcitabine in GEM-MIA PaCa-2 cells

To confirm whether mTOR activation is correlated with
gemcitabine resistance, we treated GEM-MIA PaCa-2 cells with
the mTOR inhibitor, rapamycin. We first confirmed gemcita-
bine resistance in GEM-MIA PaCa-2 cells, which showed less
toxicity against gemcitabine compared with WT-MIA PaCa-2
cells. We maximized the difference of this cytotoxicity
between GEM- and WT-MIA PaCa-2 cells with 50 ng/mL
gemcitabine (Fig. 5A). According to this result, we used gem-
citabine with 50 ng/mL concentration in the following exam-
ination. We also confirmed the inhibition of m-TOR activation
by rapamycin. Western blot analysis of p- and t-mTOR in WT-
and GEM-MIA PaCa-2 cells exposed to rapamycin showed that
rapamycin effectively inhibits the activation of mTOR (relative
p- to t-mTOR expression) in both WT- and GEM-MIA PaCa-2
cells (Fig. 5B).

We next examined whether the inhibition of mTOR phos-
phorylation affects sensitivity to gemcitabine. As shown in
Fig. 5A, gemcitabine treatment showed more cytotoxicity in
WT- than in GEM-MIA PaCa-2 cells (Fig. 5C, second and sixth
columns). Moreover, WT-MIA PaCa-2 cells showed limited
cytotoxicity to treatment of rapamycin alone (Fig. 5C, third
column) and no additional cytotoxicity to the combined
treatment of gemcitabine and rapamycin, compared with
cells treated with gemcitabine alone (Fig. 5C, second and
fourth columns). Treatment of rapamycin alone showed the
same limited cytotoxicity to GEM-MIA PaCa-2 cells as that to
WT-MIA PaCa-2 cells (Fig. 5C, third and seventh columns).
Interestingly, the combination of rapamycin and gemcitabine
showed increased cytotoxicity compared with gemcitabine
treatment in GEM-MIA PaCa-2 cells (Fig. 5C, sixth and eighth
columns). This additional effect of rapamycin in gemcitabine
cytotoxicity reached a maximum at only the 25-nmol/L
concentration (Fig. 5D). This cytotoxicity of the combination of
rapamycin and gemcitabine in GEM-MIA PaCa-2 cells was
almost at same level as that in gemcitabine-treated WT-MIA
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Fig. 4 — p-Akt and p-mTOR expression in pancreatic cancer are well correlated. (A—D) Representative immunohistochemical
staining of p-Akt and p-mTOR in pancreatic cancer tissues. Low expression of p-Akt (A) and p-mTOR (B). High expression of
p-Akt (C) and p-mTOR (D). Microscopic magnification at x400. (E) There is a significant correlation between the expression
levels of p-Akt and p-mTOR in pancreatic cancer tissue (P = 0.0005). (Color version of figure is available online.)

PaCa-2 cells (Fig. 5C, second and eighth columns), which
suggests cancellation of gemcitabine resistance in GEM-MIA
PaCa-2 cells by rapamycin.

4. Discussion

Although gemcitabine has led to important progress in
pancreatic cancer treatment in the past decade, the efficacy of
this reagent is still limited. Thus, elucidation of the mecha-
nisms underlying gemcitabine resistance is important.

Using a proteomic approach, we previously demonstrated
that Annexin II is the important factor of gemcitabine resis-
tance. Chuthapisith et al [10] showed that Annexin IIis involved
in chemoresistance to breast cancer. They reported 20 proteins
including Annexin II with altered expression in both Adria-
mycin- and paclitaxel-resistant cells using two-dimensional
gel electrophoresis and Matrix Assisted Laser Desorption and
Ionization time-of (MALDI-TOF) peptide mass fingerprinting.

They also reported that Annexin II positivity correlated with
a poor pathological response of neoadjuvant chemotherapy in
large or locally advanced breast cancer [11]. Annexin II was
thus thought to induce chemoresistance through interruption
of the apoptotic pathway, including p53 [15].

Vishwanatha et al [16] first indicated that Annexin Il mRNA
and protein expression are up-regulated in pancreatic cancer
tissues and cell lines. Immunocytochemical analysis of co-
localization of Annexin II and proliferating cell nuclear
antigen further suggested that Annexin II has a role in
pancreatic cancer cell proliferation. In this study, we
confirmed through Annexin Il immunochistochemical staining
of pancreatic cancer tissues that high Annexin II expression is
correlated with short disease-free survival for patients who
receive gemcitabine adjuvant chemotherapy after surgery(. On
the other hand, for patients who do not receive gemcitabine
adjuvant therapy, we found no correlation between AnnexinII
expression in cancer cells and disease-free survival. Together
with the fact that more than half of patients with non
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Fig. 5 — Gemcitabine and rapamycin combined therapy recovers gemcitabine sensitivity in GEM-MIA PaCa-2 cells. (A)
Gemcitabine is less cytotoxic in GEM-MIA PaCa-2 cells than in WT-MIA PaCa-2 cells. Each point shows the relative number
of viable cells treated with gemcitabine in indicated concentrations compared with the number of untreated cells. The
asterisk indicates the difference between GEM- and WT-MIA PaCa-2 cells in each gemcitabine concentration. (B) mTOR
phosphorylation is inhibited by rapamycin in both WT- and GEM-MIA PaCa-2 cells. Western blot analysis of p- and t-mTOR,
and B-actin as the control. The intensity of each band is measured and the relative protein levels normalized to that of p-
actin are calculated. (C) The relative number of viable cells compared with the number of untreated cells. More GEM-MIA
PaCa-2 cells survived than WT-MIA PaCa-2 cells treated with 50 ng/mlL gemcitabine. Rapamycin treatment cancelled the
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GEM-adjuvant group received S-1 adjuvant therapy, this
finding confirms the specific role of Annexin Il in gemcitabine
resistance to pancreatic cancer.

Ortiz-Zapater et al [17] identified that t-PA-related signaling
pathways in pancreatic cancer are mediated by epidermal
growth factor receptor and Annexin II. This signaling pathway
activates the downstream proteins of ERK1/2, which suggests
the possibility that Annexin II-related gemcitabine resistance
involves proliferative signaling transduction. To elucidate the
molecular mechanisms of gemcitabine resistance in pancre-
atic cancer cells, we investigated the signaling pathways that
correlate with Annexin II. We found more activation of the Akt
signal in gemcitabine-resistant cells, which strongly express
Annexin II, than in wild-type cells. The PI3K/Akt pathway is
a major signaling pathway involved in oncogenesis in many
types of malignancies. Ng et al [18] reported that the

combination of a PI3K inhibitor with gemcitabine may have
therapeutic potential in pancreatic cancer cells, and that the
PI3K/Akt pathway is constitutively activated in most human
pancreatic cancer cell lines [19]. Further evidence suggests
that this pathway is activated in pancreatic cancer [20—-22].
We revealed that both Akt and its downstream protein,
mTOR, are simultaneously activated in pancreatic cancer
tissues. mTOR is one of the effectors regulated via the PI3K/
Akt pathway and has a central role in cell survival and
proliferation {23]. The mTOR inhibitor rapamycin and its
structurally related compounds CCI-779, RADO001, and
AP23573 are currently in clinical development for use as
molecular targeting cancer therapies [24]. Our in vitro study
showed that the gemcitabine sensitivity of a gemcitabine-
resistant cell line, expressing a high level of Annexin I,
recovered to the same level as that of the wild-type cell line
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using rapamycin, which indicates that the Akt'mTOR
pathway is involved in the mechanism of gemcitabine resis-
tance by Annexin IL

This finding is supported by several similar reports that
show anti-tumor effects of mTOR inhibitor and gemcitabine
combination therapy in pancreatic cancer [25,26]. On the other
hand, Wolpin et al [27] reported no clinical benefits of ever-
olimus, another mTOR inhibitor, for patients with advanced,
gemcitabine-refractory pancreatic cancer. They considered
the insufficient activity of everolimus to result from the
presence of a negative feedback loop. That is, inhibition of
mTOR leads to an increase in Akt phosphorylation and acti-
vation of other Akt target proteins that promote cell survival
[28,29]. Our in vitro results also suggest insufficient activity of
the mTOR inhibitor on pancreatic cancer, because rapamycin
alone showed only limited toxicity to both wild-type and
gemcitabine-resistant cells. Taken together, our in vitro study
shows that both gemcitabine and rapamycin in combined
therapy may be effective for patients with gemcitabine-
resistant pancreatic cancer.

Annexin II could be a good clinical indicator for early
recurrence of pancreatic cancer treated with gemcitabine as
adjuvant chemotherapy. The Akt-mTOR pathway is involved
in the mechanisms of gemcitabine resistance by Annexin II,
and mTOR inhibition recovers the sensitivity of resistance.
Thus, analysis of the Annexin Il expression level in pancreatic
cancer tissue may be useful for selecting the chemothera-
peutic reagent and may contribute to the establishment of
a novel tailor-made therapy for patients with pancreatic
cancer. Moreover, combination therapy with the mTOR
inhibitor may increase the cell toxic effect of gemcitabine on
pancreatic cancer. To confirm this, further clinical prospective
studies are needed.
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ABSTRACT

Background. Surgical resection is the only method for
curative treatment of biliary tract cancer (BTC). Recently,
an improved efficacy has been revealed in patients with
initially unresectable locally advanced BTC to improve the
prognosis by the advent of useful cancer chemotherapy.
The aim of this study was to evaluate the effect of down-
sizing chemotherapy in patients with initially unresectable
locally advanced BTC.

Methods. Initially unresectable locally advanced cases
were defined as those in which therapeutic resection could
not be achieved even by proactive surgical resection.
Gemcitabine was administered intravenously once a week
for 3 weeks followed by | week’s respite. Patients whose
disease responded to chemotherapy were reevaluated to
determine whether their tumor was resectable.

Results. Chemotherapy with gemcitabine was provided to
22 patients with initially unresectable locally advanced
BTC. Tumor was significantly downsized in nine patients,
and surgical resection was performed in 8 (36.4%) of 22
patients. Surgical resection resulted in RO resection in four
patients and R1 resection in four patients. Patients who
underwent surgical resection had a significantly longer
survival compared with those unable to undergo surgery.
Conclusions. Preoperative chemotherapy enables the
downsizing of initially unresectable locally advanced BTC,
with radical resection made possible in a certain propor-
tion of patients. Downsizing chemotherapy should be
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proactively carried out as a multidisciplinary treatment
strategy for patients with initially unresectable locally
advanced BTC with the aim of expanding the surgical
indication.

Surgical resection is the only method for curative
treatment of biliary tract cancer (BTC). This condition has
few subjective symptoms in its initial stage, and early
diagnosis is difficult despite current advances in diagnostic
imaging technology. This means that most cases are dis-
covered at an advanced stage and curative resection is
possible in only a limited number of cases, making the
prognosis for this disorder extremely bleak.'™ Although
cancer chemotherapy has been generally considered as the
first-choice treatment for unresectable BTC, BTC has been
reported to be highly resistant to antineoplastic treatment
until the recent advent of effective chemotherapeutic
agents. However, at the start of the 21st century, numerous
reports have shown effectiveness of gemcitabine for BTC,
and this has become accepted as the standard therapeutic
agent for advanced unresectable BTC.>’

Downsizing chemotherapy and subsequent surgical
resection has been already reported as an effective new
approach in multidisciplinary therapy for colorectal cancer
hepatic metastases and pancreatic cancer.*'? Since the
arrival of gemcitabine, an improved efficacy has been
revealed in patients with initially unresectable locally
advanced BTC to improve the prognosis. Therefore,
downsizing chemotherapy and subsequent surgical resec-
tion in cases of initially unresectable localized BTC with
no distal metastases may be a considerable possible ther-
apeutic new strategy.

To the best of our knowledge, there have been no pre-
vious reports of the utility of preoperative downsizing
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chemotherapy for BTC, with the present study representing
the first. We here report on the feasibility of surgical
resection in patients who have undergone downsizing
chemotherapy with gemcitabine for initially unresectable
locally advanced BTC.

PATIENTS AND METHODS
Determination of Patient Eligibility

This study comprised a retrospective chart review of
treatment performed at Chiba University Hospital. All
patients underwent pulmonary computed tomography (CT),
bone scintigraphy, and positron emission tomography to
confirm the absence of distal metastases. Thus, patients with
Union for International Cancer Control stage IVB disease
was excluded. Each of the cases was discussed in a multi-
disciplinary setting. Initially unresectable locally advanced
cases were defined as those in which surgical resection
could not be achieved even by aggressive surgical proce-
dure, including combined vascular resection. In practice,
this referred to (1) local invasion of the hepatic artery to be
unable to reconstruct; (2) local invasion of the portal vein to
be unable to reconstruct; (3) local invasion of the hepatic
vein to be unable to reconstruct; (4) extensive infiltration of
the bile duct to be unable to achieve a curative resection;
and (5) extensive hepatic invasion to be unable to excise due
to insufficient remnant liver volume even after portal vein
embolization (Table 1). Subjects had Eastern Cooperative
Oncology Group performance status values of 0 or 1, no
active infection, no major cardiac or cerebrovascular dis-
orders, and no active malignant tumors other than BTC.
Patients who had previously undergone chemotherapy and/
or radiotherapy to treat BTC were excluded.

In terms of blood biochemistry findings, chemotherapy
administration criteria comprised leukocytes >3,000/mm?,
hemoglobin >9.0 g/l, platelets >10 x 10*, creatinine
<1.5 g/dl, and total bilirubin, AST, and ALT less than three
times the upper limit of normal. Preoperative biliary drain-
age was performed for patients with obstructive jaundice,
and surgery was carried out after serum total bilirubin levels

TABLE 1 Definition of initially unresectable locally advanced bili-
ary tract cancer

* Local invasion of the hepatic artery to be unable to reconstruct.
o Local invasion of the portal vein to be unable to reconstruct.
e Local invasion of the hepatic vein to be unable to reconstruct.

o Extensive infiltration of the bile duct to be unable to achieved a
curative resection.

e Extensive hepatic invasion to be unable to excise due to
insufficient remnant liver volume even after portal vein
embolization.

had dropped to <3.0 mg/dl. When hepatic resection was
required in order to perform curative resection in patients
with obstructive jaundice, portal vein embolization was
carried out in cases in which the remnant liver volume ratio
was <40%, and surgical resection including hepatectomy
was performed after the remnant liver volume ratio had
reached >40%.'"" In patients with normal liver function,
portal vein embolization was indicated when the anticipated
future remnant liver volume ratio was <35%.

Chemotherapy Schedule and Evaluation of Response

Gemcitabine (1,000 mg/m®) was administered intrave-
nously once a week for 3 weeks followed by 1 week’s
respite, with a single course comprising 4 weeks. Toxicity
was evaluated according to the National Cancer Institute
Common Terminology Criteria for adverse events version
3.0. If toxicity of grade 3 or above was observed, admin-
istration was immediately discontinued and resumed after
recovery to normal values with the gemcitabine dosage
reduced to 800 mg/m>. If toxicity was still observed, the
dose was further reduced to 600 mg/m>."

At the end of every two courses of administration, the
response was evaluated by enhanced CT on the basis of
Response Evaluation Criteria in Solid Tumors (RECIST)
group criteria and also evaluated whether tumor was
downsized to be sufficient for surgical resection. Patients
who were not indicated for surgical resection at that point
and who were evaluated as having no change in their tumor
continued with gemcitabine administration, whereas those
with progressive disease were switched to S-1 (tegafur—
gimeracil-oteracil) chemotherapy agents.

Data Analysis

The survival curve was calculated according to the
Kaplan—Meier method, and a log rank test was used to test
for significant differences. A P value of less than 0.05 was
regarded as statistically significant.

RESULTS

From January 2004 to December 2010, total 391 patients
with BTC were referred to our hospital (Fig. 1). Of these
391 patients, 266 patients underwent laparotomy. Among
these 266 patients, 17 patients judged unresectable on the
basis of distant metastases in 16 (peritoneal dissemination
in ten and distant lymph node metastases in six) and locally
advanced disease in one. Thus, 249 patients judged
resectable and underwent surgical resection. The other 125
patients were considered unresectable according to preop-
erative examination (distant metastases in 96 and locally
advanced disease in 29). Of these 29 patients with locally
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FIG. 1 Treatment schema and outcome for the patients with biliary
tract cancer. Numbers in parentheses are numbers of patients. JCC
intrahepatic cholangiocarcinoma, ECC extrahepatic cholangiocarci-
noma, GBC gallbladder carcinoma

advanced disease, eight could not undergo downsizing
chemotherapy as a result of poor performance status.
Finally, 22 patients represent the study population with
downsizing chemotherapy. Their ages ranged from 57 to
85 years, with an average of 65.3 years, and there were 12
men and 10 women. The final diagnosis was intrahepatic
cholangiocarcinoma (ICC) in seven patients, extrahepatic
cholangiocarcinoma (ECC) in eight, and gallbladder car-
cinoma (GBC) in seven (Table 2). Preoperative biliary
drainage was performed in 14 (63.6%) of 22 patients with
obstructive jaundice, with percutaneous transhepatic biliary
drainage in nine cases and endoscopic retrograde biliary
drainage in five. Biliary drainage was performed in one of
seven patients with ICC, all eight patients with ECC, and
five of seven patients with GBC. Chemotherapy was ini-
tiated in these patients with obstructive jaundice after
serum total bilirubin levels had decreased to <3.0 mg/dl.

According to our definition of initially unresectable
locally advanced BTC, the reason for unresectability was
local invasion of the hepatic artery in 18 patients, local
invasion of the portal vein in seven, local invasion of the
hepatic vein in two, extensive infiltration of the bile duct in
three, and insufficient remnant liver volume in two. Ten
patients had more than one reason for unresectability.

Three patients (patients 5, 6, and 21) with insufficient
remnant liver volume underwent portal vein embolization
and started chemotherapy 2 weeks later. Among three
patients who underwent portal vein embolization, two
patients could undergo surgical resection because the
remnant liver volume was sufficient. One patient could not
undergo surgical resection because of insufficient remnant
liver volume even after portal vein embolization. One
patient with insufficient remnant liver volume did not
undergo portal vein embolization because of multiple
bilobular hepatic metastases in ICC (patient four).
Response was evaluated every two courses, tumor was
significantly downsizing in nine patients. On the basis of
the RECIST criteria, three patients had a partial response,
11 had stable disease, and eight had progressive disease.
Obvious reduction of tumor size, including disappearance
of invasion of the hepatic vein and hepatic artery, was seen
in eight patients with downsizing tumor, and surgical
resection was judged to be feasible in these patients.
Surgical resection was performed in 8 (36.7%) of 22
patients after obtaining tumor downsizing by chemother-
apy. Preoperative biliary drainage was performed in 3
(37.5%) of eight patients who underwent surgical resection.
The period from the start of chemotherapy to surgery in
these eight patients was 5.4 + 2.3 months (mean £ stan-
dard deviation), and the dose of gemcitabine administered
was 21,400 £ 12,000 mg (mean =+ standard deviation).
Hepatectomy procedures were selected left trisectionecto-
my in two, left hemihepatectomy with caudate lobectomy in
two, right hemihepatectomy with caudate lobectomy in two,
and central inferior hepatectomy in two patients. Extrahe-
patic bile duct resection was performed in seven patients.
Combined portal vein resection and inferior vena cava
resections were performed in three patients each. After
surgery, cholangiojejunal anastomotic failure occurred in
one and intraperitoneal abscess in two patients. However,
all patients who underwent surgery were discharged from
hospital, with a surgical mortality rate of zero (Table 3).
No macroscopic residual tumor (R2) was observed in
any of the patients who underwent surgical resection, with
four patients classified as RO and four as R1. Gemcitabine
was administered to all patients who underwent surgical
resection as postoperative adjuvant chemotherapy. Two of
eight patients who underwent surgical resection have now
survived for 42 and 13 months, respectively, without
recurrence. Although four patients with recurrence died of
cancer, two patients with recurrence are still alive after
switching to chemotherapy with S-1. The 2 years overall
survival rate in patients with surgical resection after
downsizing chemotherapy and chemotherapy alone without
surgical resection were 45.0 and 19.0%, respectively.
Patients who underwent surgery survived significantly
longer after the induction of chemotherapy compared with



