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Table 4 The first recurrence site after operation Table 5 Published studies analyzing the correlation between survival
and CY status in patients who underwent resection
CY- CY+ P
n (%) n (%) Author Journal Year n Median P value
survival
Liver 67 (28) 6 (30) 1.000 (months)
Local 29.(12) 2 1) 0745 Yachid. BrlS 2002 CY 114 NA 0.347
Lymph node 18 (8) 2 (10) 0.675 S e CY“ AN :
Lung 23 (10) 0 (0) 0.232 [15] +
Peritoneum 16 (7 7(35) 0.001* Meszoely Am Surg 2004 CY-— 122 19 0.055
Other 15 (6) 15 etal. CY+ 13 15
— (2]
CY+ positive peritoneal lavage cytology Ferrone J Gastrointest 2006 CY-— 207 16 <0.001
FOQtatiefices o1 e
Statistically significant et al. Surg CY+ 10 8
[19]
cancer without distant metastases remains controversial. To ~ Yamada  Ann Surg 2007 CY— 136 135 0.269
our knowledge, there is no report that compares the prog- le: 6“]1' CY+ 21 136
nosis between resected CY+ patients and unresected CY
. . . +p . . + Present 2011 CY— 234 265 0.302
patients without other distant metastasis. The same limi- tud
study CY+ 20 2338

tation is equally true of the present study.

Generally, patients with metastatic disease have a short
median survival of 3—6 months [2], and FOLFIRINOX, the
most promising treatment regimen at present, increased
that time to only 11.1 months [20]. Patients with locally
advanced nonmetastatic disease have a median survival of
6-10 months without resection, while those who undergo
neoadjuvant therapy followed by RO resection have an
overall survival of 20 months [2, 21]. At present, surgical
resection remains the only potentially curative treatment
for pancreatic cancer, indicating that the median overall
survival of 23.8 months in the CY+ patients who under-
went resection in the present study was a promising result.

In the present study, CY+ patients showed .a higher
number of peritoneal recurrences with R1 resection, and
the median RFS was shorter in CY+ patients than in CY—
patients (8.1 vs. 13.5 months), although the difference was
not statistically significant (P = 0.089). This insignificant
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NA not available, CY+ positive peritoneal lavage cytology

difference might be due to the small number of cases from
a single institution and/or the short follow-up period of
24.7 months in the present study.

In conclusion, positive peritoneal lavage cytology was
not associated with overall survival after resection, despite
of the increased frequency of peritoneal recurrence. CY+
status without other distant metastasis does not necessarily
preclude resection in patients with pancreatic cancer.
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-VSUMMARY: e

The safety of whole stomach-preserving Appleby oper-
ation with resection of the left gastric artery (LGA) for
pancreatic cancer cannot be assured. The anatomy of
the celiac axis (CA) with special regard to the position
of the origin of the LGA was examined. Using 3D images
of the vascular architecture reconstructed from volume
data of helical CT, the length of the CA and the position
of the origin of the LGA from the CA were measured in
53 patients. Among 53 patients, 47 patients (89%) had
classical anatomy of the CA branches. The mean length
(zstandard deviation) of the CA and the distance from

INTRODUCTION

According to the TNM atlas of the UICC (1), the body
of the pancreas is assigned to the parenchyma between
the left border of the portal vein and the aorta. This part
is astride the important part of the abdominal aorta from
which the celiac axis (CA) and superior mesenteric artery
(SMA) arise. As a result of such anatomical features and
its invasive biological propensity (2), cancer of the body
of the pancreas often involves major arterial structures,
including the celiac axis (CA) and superior mesenteric ar-
tery (SMA), thus being found as unresectable T4 carcino-
ma (3).

In 1953, the Canadian surgeon Appleby firstly present-
ed a collective report about the feasibility and safety of re-
section of the CA and CHA with total gastrectomy and dis-
tal pancreatectomy for gastric cancer with bulky lymph
node metastases around these vessels (4). Nimura et al
first adopted Appleby’s operation preserving the whole
stomach in a patient with T4 pancreatic body carcinoma
invading the CA (5) and several authors have reported
this procedure (6-10).

Hirano et al. (7) reported an excellent outcome of lo-
cally advanced central pancreatic carcinoma in the larg-
est series of patients who had undergone such operation,
which they named DP-CAR (distal pancreatectomy with
celiac axis resection). According to their results, this oper-
ation could be safely performed with no mortality. How-
ever, postoperative morbidity was high (48%), among
which ischemic gastritis was found in 13% of patients. We
herein evaluate the anatomy of celiac axis by CT recon-

Hepato-Gastroenterology 2012; 59:2650-2652 doi 10.5754/hge12164
© H.G.E. Update Medical Publishing S.A.,, Athens

the root of the LGA to the bifurcation of the CA were
25.2mm (£4.9) (range 14.6-36.5) and 10.3mm (£4.5)
(range-2.4-21.9), respectively. In 23 (45%) cases, the
LGA arose farther than 10mm away from the bifurca-
tion of the CA. Among six patients with anatomical vari-
ation of the arteries, two (4%) had the LGA directly aris-
ing fromtheaorta. Conservation of the LGA at modified
Applebyoperation would give complete cancer removal
by en blocresection of the nerve plexus, without risk of

ischemic complications of the stomach and liver.

structed angiography and present three patients who un-
derwent Appleby operation preserving the whole stom-
ach with the left gastric artery for cancer of the body of
the pancreas and discuss the feasibility and safety of this
procedure: -

SURGICAL TECHNIQUE
Evaluation of anatomy of celiac axis by CT recon-
structed angiography

The anatomy of the CA was analyzed in 53 patients
who underwent helical CT for preoperative evaluation
of hepatobiliary disease (bile duct cancer {n=29), gall-
bladder cancer (n=14) and cancer of the papilla of Vater
{n=10)) which did not invade near the CA, SMA and their
branches. CT images were acquired using two 64-channel
multidetector scanners (Aquillion 64™; Toshiba Medical
System, Tokyo, Japan) at our hospital. A total of 1.8mL of
non-ionic contrast material (iopamidol (300-370mg io-
dine per mL)) per kilogram body weight was injected into
an antecubital vein at a rate of 4.0mL/sec using a power
injector. Bolus tracking was used to assure appropriate
imaging timing and early and late arterial-phase imaging
was performed 5 and 22 seconds after the contrast den-
sity in the abdominal aorta reached a predefined thresh-
old of 120 Hounsfield units (HU). From the obtained vol-
ume data, 3D images of the vascular architecture, which
could be rotated in any direction, were reconstructed. Us-
ing these 3D images, the length of the CA and the posi-
tion of the origin of the LGA from the CA were measured

(Figure 1).
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RESULTS

Among 53 patients, six had anatomical variation of the
arteries; two had the LGA directly arising from the aorta,
two had the splenic artery (SPA) arising before the LGA
from the CA and the remaining two had the SPA and the
CHA arising from the SMA, respectively. The remaining 47
patients who had classical anatomy of the CA branches
were analyzed. The mean length (+standard deviation) of
the CA and the distance from the root of the LGA to the bi-
furcated end of the CA were 25.2mm (+4.9) (range 14.6-
36.5)and 10.3mm (+4.5) (range 2.4-21.9), respectively.In
23 (45%) cases, the LGA arose more than 10mm from the
bifurcated end of the CA. The longer the CA, the farther
the LGA from the bifurcation of the CA (p<0.05).

Three patterns of modified Appleby operation (Ta-
ble 1) ‘

From August 2010 to January 2011, three patients un-
derwent Appleby operation preserving the whole stom-
ach with LGA. All of these cases had advanced pancreat-
ic body cancer without dissemination or distant metas-
tasis and had been suspected tumor invading around the
neural plexus of the CA, CHA, or LGA. The details of each
patient are shown in Table 1 and Figure 2. Patient 1 had
the LGA separately originating from the aorta; thus, the
CA was severed at the origin of the aorta. Patient 2 had
ordinary vascular anatomy, and the CA was severed dis-
tal to the LGA branching. Patient 3 had reconstruction of
the LGA with the right inferior phrenic artery after extir-
pation of the CA at its origin. Postoperative liver dysfunc-
tion was mild, with a maximum level of aspartate trans-
aminase of 380IU/L (normal range 9-38 IU/L) in patient
2. The nutritional state of all three patients was good, with
percent body weight loss of 0%, 1% and 6% at the last
follow-up, respectively. Resection of the CHA and CA was
necessary for complete removal of the tumor in all pa-
tients.

DISCUSSION

In 1953, Appleby first, and with foresight, presented a
collective case series proving that resection of the distal
pancreas and total stomach with extirpation of the entire
celiac axis and its branches with all of its attendant tissues
could be performed with impunity in block dissection for
gastric carcinoma. In this operation, hepatopetal arterial
flow could be preserved through a double arcade of arte-
rial network surrounding the pancreatic head anterior-
ly and posteriorly (4). After Nimura et al. first succeeded
in resecting a central pancreatic carcinoma invading the
CA using a similar procedure in which the whole stomach
was preserved (5), several authors reported the same op-
erative procedure with various names (6-8,10,13). A to-
tal of 48 cases of such operations for central to left-sided
pancreatic carcinoma have been reported to date.

Stomach-preserving Appleby operation has been
conducted with zero mortality but with high morbidity
(7,14). Ischemia of the stomach or the liver is an occa-
sional cause of such complications. In their detailed re-
port, Kondo et al. (14) emphasized the uncommonness
of ischemic gastropathy after stomach-preserving Apple-
by's operation except when additional arteries supply-
ing the stomach were divided. However, according to El-
eisi et al. (15), the arterial blood supply of the stomach
is about 60% from the LGA, about 20% from the splen-
ic artery and only about 15% from the right gastric and
right gastroepiploic arteries. About 80% of additional re-
plenishing blood flow from the right-side gastric arteries

FIGURE 1. Measurement of celiac axis. Using 3D images of the vessel, the length of the celi-

ac axis and the position of the origin of the left gastric artery of the celiaca

xis were measured.

Length (a) is the distance between the root and the end of the celiac axis. Length (b) is the dis-
tance from the left gastric artery to the bifurcation of the celiac axis. CHA: Common Hepatic

Artery; LGA: Left Gastric Artery; SPA: Splenic Artery.

Case 1 Case 2 Case 3
Age; Gender 75; F 66; M 60; F
Diagnostic sign Ela’f{iﬁg of El%\:ltigo‘ g of Appetite loss
Preop CA19-9 (IU/mL) 196.3 4265 1300
Blood loss/op. time 185g/306min 410g/427min  173g/477min
Peak postop. AST* 84 380 135
Complication Grade B Grade B Grade B
Per os start 6 POD 7 POD 6 POD
Time to discharge 30 POD 31 POD 95 POD
Recurrence None None Liver metastasis
Present status Alive 15 months  Alive 13 months Alive 9 months
% Weight loss 0 1 6
Max. tumor size 23mm 45mm 30mm
Invaded artery Splenic artery None Splenic artery

Splenic vein
Invaded vein Splenic vein (occlusion) none
Portal vein
R . Common

(Peri) neural invasion S pcl:!;?g;:tfry Splenic artery }égf)ea;iig :;ttgg
ﬁ%ﬂr&‘;&rlg f";) % l;ilgi?’&ies Superior Superior Superior
nodes/all harvested peripancreatic penp(;/ndrcgeatlc penpangcgeatlc
nodes
Surgical margin Negative Negative Negative

*Normal range of AST (aspartate aminotransferase) is 9 to 381U/L; "Bo
each patient was measured at the last follow-up.

dy weight of

might reduce hepatopetal blood supply through the pan-
creatic arcades from the SMA; thus, the safety of such pro-
cedure for the remnant stomach cannot be assured. Con-
servation of left gastric arterial flow would help boost ar-
terial irrigation to the liver, thus alleviating both gastric
and hepatic ischemia. Postoperative liver ischemia was
mild in the present series, the maximum serum value
of aspartate aminotransferase being ten times the max-
imum normal value.

Appleby operation preserving the whole stomach with
LGA is indicated for tumors: 1) confined to the neck, body
and tail of the pancreas; 2) not invading beyond the bifur-
cation of the proper hepatic artery and gastroduodenal
artery; and 3) not invading the stomach and SMA. There
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FIGURE 2. Preoperative image and schema of tumor location and its extent of invasion. Three
cases of preoperative coronal (upper column) and axial (middle column) image and schema
of tumor location and arteries of upper abdomen (lower column) are shown. The dots repre-
sent the invasion of the tumors. Each case was suspected tumor invaded around the CA. T: Tu-
mor; CA: Celiac Axis; SPA: Splenic Artery; CHA: Common Hepatic Artery; SMA: Superior Mes-
enteric Artery.
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Abstract Interaction between CXCR4 and CXCLI12
plays a role in tumor progression. The present study
examined CXCR4, CXCL12 and CD133 expression in
liver metastases of colorectal cancer (CLM) and deter-
mined whether the expression profiles affect the tumor
microenvironment and thus progression, and whether they
could serve as a prognostic marker for survival. Liver
metastases of colorectal cancer collected from 92 patients
were evaluated by CXCR4, CXCL12 and CD133 immu-
nohistochemistry and clinicopathological data were ana-
lyzed. The expression profile of CXCR4 was determined in
the colorectal cancer cell line, SW48. The expression of
cytoplasmic CXCR4 was higher in 36 (39%) patients than
that indicated by CXCR4 staining intensity of hepatocytes.
High levels of nuclear CXCR4 expression in 23 (25%)
patients significantly correlated with CXCL12 expression
in hepatocytes. Nuclear CXCR4 expression was increased
in the cancer cells after exposure to CXCL12. Univariate
and multivariate analyses demonstrated that the high levels
of nuclear CXCR4 and CXCL12 expression in hepatocytes
were significantly better prognostic factors for overall and
hepatic disease-free survival in patients with CLM. The
expression of CXCR4 and CXCL12 in CLM may have an
interactive effect that could alter the tumor microenviron-
ment. CXCR4 expression in metastatic liver tumors
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together with the upregulation of CXCL12 in hepatocytes
may help to predict the clinical outcomes of patients with
CLM after hepatectomy.

Keywords Colorectal metastases - Hepatectomy -
Chemokine - Angiogenesis - CD133

Abbreviations
CLM  Liver metastases of colorectal cancer
EGFR Epidermal growth factor receptor

EMT  Epithelial-to-mesenchymal transition

FC Fibrous pseudocapsule

Introduction

Colorectal carcinoma is a leading cause of cancer-related
death. Regardless of curative resection to treat colorectal
carcinoma, distant metastases develop in a significant
number of patients [1]. The liver is a metastatic site of
colorectal carcinoma, which is often associated with a poor
prognosis [2, 3]. The “seed and soil theory” has been
postulated to explain the directional migration and invasion
of cancer cells into specific organs {4]. The chemokine
network might play a role in the induction of organ-specific
metastases [5]. Chemokines and their receptors were orig-
inally identified as chemoattractive interactions between
immune cells and sites of inflammation [6]. Cancer cells
also use chemokine networks to modulate the host micro-
environment and facilitate cancer progression [7-10].
Several chemokine receptors and ligands function in tumor
progression and invasiveness in several malignancies
[11-15]. CXCR4 is an established inducer of .colorectal
cancer progression that correlates with clinical outcomes of
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stage [II/IV disease defined by the UICC classification [13].
The CXCR4 ligand, CXCLI12/stromal-derived factor-1
(SDF-1), is also associated with tumor progression [16].
Kim et al. found significantly higher CXCR4 expression in
liver metastases than in primary colorectal cancer, indicat-
ing that CXCL12 is abundantly expressed at metastatic sites
[17]. In addition, CXCL12 accumulates in CD133-positive
tumor cells that might in part, be derived from cancer stem
cells [18, 19]. Therefore, interaction between CXCR4 and
CXCL12 expression might cause tumor proliferation,
migration, and invasion.

Chemokine receptors generally appear in the cell
membrane and cytoplasm, thus leading to downstream
signal transduction. CXCR4 is expressed in both the
cytoplasm and nucleus of tumor cells [20, 21]. The cyto-
plasmic expression of CXCR4 is associated with a poor
clinical outcome [12], but the nuclear expression of
CXCR4 has not been fully elucidated. Furthermore,
CXCR4 expression might be altered by the tumor micro-
environment [8, 11, 22]. We postulated that different
CXCR4/CXCL12 expression profiles in tumor cells and the
tumor microenvironment interact and affect each other,
thus determining the progression of colorectal liver
metastases. In addition, other reports have described that
the timing and numbers of liver metastases, lymph node
metastasis of the primary tumor, hilar lymph node metas-
tasis and the absence of a fibrous capsule on the metastatic
tumor are prognostic factors for survival [23-25]. How-
ever, a correlation between the CXCR4/CXCL12 expres-
sion and the clinicopathological features of colorectal liver
metastases has not been fully elucidated.

The present study examines CXCR4/CXCL12 expres-
sion in CLM to determine whether their expression profiles
influence the progression of CLM, survival rates and
hepatic recurrence.

Patients and methods
Patients and tissue samples

We retrospectively reviewed the medical records of 92
Japanese patients with CLM from among those who
underwent curative hepatic resection (R0) at the Depart-
ment of General Surgery at Chiba University (Chiba,
Japan) between 1999 and 2007. Written informed consent
was obtained from all of the patients to review their records
in accordance with the ethical standards of the Helsinki
Declaration of 1975. We defined synchronous metastases
as those diagnosed before, or at the time of colorectal
surgery. The patients were followed until death or
November 30, 2010. The median follow-up time was
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38 months (range 8-115 months). The clinicopathological
characteristics of the patients are shown in Table 1.

Hematoxylin and eosin (HE) staining
and immunohistochemistry

Tissue sections (4 um thick) prepared from formalin-fixed
paraffin-embedded tissue blocks were stained with HE and
immunohistochemically assessed using either the CSA I
kit for CXCR4 and CD133 or the ENVISION+ kit for
CXCIL12/SDF-1 (DAKO Cytomation, Carpinteria, CA,
USA) according to the manufacturer’s instructions. Anti-
gens in all analyses were retrieved by microwave heating.
The series and dilutions were as follows: (a) anti-mouse,
anti-rat and anti-human CXCR4 rabbit polyclonal antibody
(ab2074, Abcam, Cambridge, UK), 1:25; (b) anti-human/
mouse CXCL12 antibody (MAB350, R&D Systems,
Minneapolis, MN, USA), 1:20; (c) anti-mouse, rat and
human CD133 rabbit polyclonal antibody (ab19898, Ab-
cam, Cambridge, UK), 1:500. Appropriate positive controls
containing the antigens of interest were simultaneously
processed. The primary antibody was omitted from nega-
tive controls. The tissue sections were washed in water and
counterstained with Mayer’s hematoxylin. All immuno-
histochemical analyses were performed in duplicate.

Evaluation of CXCR4, CXCL12, and CD133

Immunoreactivity for CXCR4 was semi-quantified by
assessing staining intensity. Cytoplasmic CXCR4 expres-
sion was classified as low or high relative to the staining
intensity of hepatocytes. Immunoreactivity for CXCL12
was semi-quantified by assessing the staining intensity and
ratio (%) of positive cells. CXCL12 expression was scored
as 0, no staining; 1, occasional weak staining; 2, moderate
staining and 3, intense staining. Positive staining of over
10% of tumor cells was required for scores of 2 and 3 (high
expression). CXCLI12 expression was classified as low
(scores 0 and 1) or high (scores 2 and 3). High-power fields
(200x) of 10 random areas within the tumor were evalu-
ated. CD133 immunoreactivity was semi-quantified by
assessing the staining intensity and ratios (%) of positively
stained cells. CD133 expression was determined as 0, no
staining; 1, <5% of tumor cells positively stained and 2,
>5% of tumor cells positively stained. Amounts of CD133
expression were classified as low (scores 0 and 1) or high
(score 2). High-power (200x) fields of 10 random areas
within tumors were evaluated. The two investigators (TS
and MO) who evaluated the immunohistochemical findings
were blinded to the clinicopathological features and prog-
noses of the patients. The expression of these factors was
evaluated both at tumor sites and in hepatocytes.
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Table 1 Clinicopathological characteristics of patients with colo-
rectal liver metastases (n = 92)

Clinicopathological characteristics Number of
patients

Age

>60 years 56

<60 years ) 36
Gender

Male 58

Female 34
Lymph node metastasis of the primary lesion

Positive 58

Negative 34
Timing of metastasis

Synchronous 44

Metachronous 48
Tumor size

>50 mm 26

<50 mm 66
Fibrous pseudo-capsule

Positive 15

Negative 77
Number of tumors

Solitary 23

Multiple 69
Primary lesion site

Colon . 53

Rectum 39
Degree of differentiation

Well, moderately 85

Poorly, mucinous 7

Colorectal cancer cell line and culture medium

The colorectal cancer cell line, SW48 (American Type
Culture Collection, Manassas, VA, USA) was cultured in
Leibovitz’s L-15 (Sigma Aldrich, St. Louis, MO, USA)
medium supplemented with 1% penicillin and streptomy-
cin and 10% fetal bovine serum (FBS) [26].

CXCR4 expression determined by fluorescence
microscopy

SW48 cells (5 x 10°/well in 800 pl) were seeded in four-
well slide chambers (LabTek® TI Chamber Slide™ System,
Nalge Nunc International, Rochester, NY, USA) 24 h and
then serum-starved (0.5% FBS) overnight. The cells were
stimulated with CXCL12 (200 ng/ml: R&D Systems,) at
37°C for 24 h, fixed in 4% paraformaldehyde at room
temperature for 10 min, and then incubated at room tem-
perature for 10 min with 0.3% Triton X-100 and 1.0%

bovine serum albumin in PBS. Fixed and permeabilized
cells were stained with rabbit anti-human CXCR4 antibody
for 60 min at room temperature, followed by anti-rabbit
Alexa Fluor® 488 (Invitrogen, Carlsbad, CA, USA) and
DAPI (Invitrogen, Carlsbad, CA, USA) for 30 min at room
temperature. CXCR4 internalization was then analyzed by
fluorescence microscopy.

Statistical analysis

Data were compared using the rank sum test. Associations
between discrete variables were assessed using the Fisher
exact probability test. Recurrence or death was estimated
using the Kaplan—Meier method and statistical significance
was examined using the log-rank test. Multivariate analysis
was determined using the Cox proportional hazards model.
Data were analyzed using SigmaStat 3.0 and SPSS 11.5
software. All data are expressed as means & SD. Results
were considered significant at P < 0.05.

Results
CXCR4 expression in metastatic liver tumors

We immunohistochemically examined whether CXCR4
expression in tumors increases in patients with colorectal
liver metastases as follows. CXCR4 expression (staining
intensity) was compared to that of hepatocytes in specimens
of colorectal liver metastases from 92 patients (Fig. 1). The
patients were assigned to groups according to-the staining
intensity of CXCR4 relative to that of hepatocytes. Levels of
CXCRA4 expression in the cytoplasm of tumor cells were high
in 36 (39%) and low in 56 (61%) of the 92 patients. The
CXCR4 was also expressed in the nuclei of tumor cells in
some patients with colorectal liver metastases. Levels of
nuclear CXCR4 expression were high in 23 (25%) and low in
69 (75%) of the 92 patients examined (Fig. 1a, b and ¢).

CXCR4 expression in metastatic liver tumors
and patients’ characteristics

We analyzed the characteristics of the patients to determine
whether CXCR4 expression in metastatic liver tumors
correlates with clinicopathological parameters. Levels of
CXCR4 expression in metastatic liver tumors and clinico-
pathological parameters are shown in Table 2. A fibrous
pseudo-capsule defined by HE staining surrounding the
tumors of some patients with colorectal liver metastases
[24] adversely correlated with high, but not low levels of
CXCR4 expression (P = 0.040), whereas other clinico-
pathological parameters did not significantly differ
between the two groups (Table 2).
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CXCL12 expression in metastatic liver tumors
and patient characteristics

We immunohistochemically determined CXCL12 expres-
sion in CLM from 92 patients (Fig. 1d, e, and f). Levels of
cytoplasmic CXCL12 expression in tumor cells were high
in 51 (55%) and low in 41 (45%) of the 92 patients
examined, whereas correlations between clinicopathologi-
cal parameters and CXCL12 expression did not signifi-
cantly differ between these two groups (Table 2). CXCL12
was also expressed in hepatocytes surrounding the tumors
at high and low levels in 68 (74%) and 24 (26%), respec-
tively, of the 92 patients examined (Fig. 1d, e, and {).

Relationship between CXCR4 and CXCL12 expression

Correlations between cytoplasmic CXCL12 and CXCR4
expression in metastatic liver tumors did not significantly
differ between the two groups (P = 0.206; Table 2).

Fig. 1 Immunohistochemical
assessment of expression of
CXCR4 a—c in metastatic liver
tumnors and of CXCL12 d—f in
tumors and hepatocytes.

a Cytoplasmic, b nuclear and
¢ absent CXCR4 expression.
d High, e low and f positive
CXCL12 expression in
hepatocytes. Original
magnification x200
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Whereas, the correlations between nuclear CXCR4
expression in tumor cells and CXCL12 expression in
hepatocytes significantly differed (P = 0.030; Table 2).

Fluorescence microscopy of CXCR4 expression
in the SW48 colon cancer cell line

Fluorescence microscopy revealed membrane and cyto-
plasmic CXCR4 expression in colon cancer cells after 24 h
of culture in mock medium (Fig. 2) and increased nuclear
expression of CXCR4 after 24 h of exposure to CXCL12.
This was confirmed by merged light blue signals of DAPI
and Alexa 488 (CXCR4) in nuclei (Fig. 2).

CD133 expression in metastatic liver tumors

An immunohistochemical analysis of tumors revealed high
and low CD133 expression in 28 (30%) and 64 (70%) of
the 92 patients examined.
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Table 2 Clinicopathological characteristics are associated with CXCR4 and CXCL12 expression

Clinicopathological characteristics

CXCR4 expression (cytoplasm)

CXCL12 expression

High (n = 36) Low (n=156) P value* High (n=51) Low (n=41) P value*
Age (=60 years) 26 30 0.084 28 28 0.21
Gender (Male) 22 36 0.83 29 29 0.20
Lymph node metastasis of primary lesion (+) 21 37 0.51 34 24 0.52
Timing of metastasis (synchronous) 18 26 0.83 22 22 0.40
Tumor size (>50 mm) 11 15 0.81 13 13 0.64
Fibrous capsule (+) 2 13 0.040 9 6 0.78
Number of tumors (>2) 9 14 >0.9 12 11 0.81
Primary lesion site (Colon) 17 36 0.13 30 23 0.83
Degree of differentiation (well, moderately) 33 52 >0.9 47 38 >0.9
CXCL12 expression (Tumor) CXCR4 expression (tumor) P value*
High (n = 36) Low (n = 56)
High (n = 51) 23 28 0.206
Low (n = 41) 13 28
CXCL12 expression (Liver) CXCR4 expression (nucleus) P value*
High (n = 23) Low (n = 69)
High (n = 68) 21 47 0.030
Low (n = 24) 2 22

*Fisher probability test
Bold values indicate statistically significance

CXCR4 and CXCL12 expression correlated
with survival

We analyzed overall survival using the Kaplan—Meier
method to determine whether CXCR4 and CXCLI12
expression in metastatic liver tumors is related to overall
survival after hepatic resection. The results showed a sig-
nificantly lower overall survival rate in patients with high
cytoplasmic and no nuclear CXCR4 expression in tumor
cells than in any other groups (Fig. 3a). The overall sur-
vival rates were significantly higher in patients with high
levels of nuclear CXCR4 expression than in those with
none (Fig. 3b), and in those with positive, than negative
CXCL12 expression in hepatocytes (Fig: 3c). These rates
were significantly lower in patients with positive, than with
negative CD133 expression in tumors (Fig. 3d).

We examined whether the CXCR4/CXCL12 expression
is a significant prognostic factor for overall and hepatic
disease-free survival after hepatic resection using univari-
ate and multivariate analyses. Univariate analysis demon-
strated that the number of metastases, primary lymph node
involvement, nuclear CXCR4 expression in tumor cells,
CXCL12 expression in hepatocytes, and high levels of
CD133 expression in tumors were significant prognostic
factors for overall survival (Table 3). The number of

metastases, tumor size, timing of metastases and CXCL12
expression in hepatocytes were significant prognostic fac-
tors for hepatic disease-free survival (Table 3). Multivari-
ate analysis showed that positive primary lymph node
involvement, low nuclear CXCR4 expression in tumor
cells and low CXCLI12 expression in hepatocytes were
significant independent prognostic factors for overall sur-
vival, and that the timing of metastases, low levels of
nuclear CXCR4 expression in tumor cells and low
CXCL12 expression in hepatocytes were significant inde-
pendent prognostic factors for hepatic disease-free survival
in patients with colorectal liver metastases (Table 3).

Discussion

This study demonstrated that the expression profiles of
CXCR4/CXCLI12 correlate with clinical outcomes and
might be altered by the tumor microenvironment, thus
leading to a change in tumor behavior in CLM. The
expression of CXCR4/CXCL12 in terms of chemotactic
properties and tumor progression in several malignancies
has been described, but expression profiles were analyzed as
an intrinsic activity in the tumor environment like that of
colorectal carcinoma. In addition, the relationship between
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Fig. 2 Nuclear localization of
CXCR4 after CXCL12
stimulation in SW48 colon
cancer cells. SW48 cells were
stimulated with 200 ng/ml
CXCL12 for 24 h and then
immunostained and observed by
fluorescence microscopy.
Green, membrane and
cytoplasmic CXCR4; deep blue,
nucleus. Some CXCR4 have
colocalized in the nucleus (light
blue) of stimulated SW48 cells.
(Color figure online)

CXCR4

Merge

CXCR4/CXCL12 expression and prognosis has not been
investigated in a large number of colorectal liver metastases.

The metastatic mechanisms of epithelial-to-mesenchy-
mal transition (EMT) and tumor microenvironment have
recently become widely recognized [27]. Chemokines and
their receptors were originally identified by the ability to
generate chemoattractive interactions between immune
cells and sites of inflammation [6]. Recent observations
have revealed that cancer cells utilize chemokine networks
to modulate the host microenvironment in favor of cancer
progression [28]. Several chemokines and their receptors
such as CXCR2, CXCR3, CXCR4, CXCR7, CCR2, CCRS6,
and CCR7 are involved in colorectal cancer [12-15, 29—
31]. Interactions between CXCR4 and CXCL12 are con-
sidered to play a role in the progression of colon cancer
[13, 32]. The EMT is also mediated by the CXCR4/
CXCL12 system [33, 34]. These findings suggested that
CXCR4 plays a role in tumor progression and metastasis.

Cytoplasmic CXCR4 expression correlates with tumor
recurrence and clinical outcomes in several cancers
including colon cancer [12, 17, 35]. Circulating cytoplasmic
CXCR4-positive tumor cells might be responsible for

_@_ Springer

CXCL12 ()

CXCL12 200ng/ml, 24h

extravasation and the organ-specific metastasis induced by
CXCL12 gradients [29]. The liver is one metastatic site that
results from interaction between CXCL12 and CXCR4. The
cytoplasmic expression and role of CXCR4 are controver-
sial. The present study found that cytoplasmic CXCR4
expression did not reach statistical difference for poor
overall survival and that it did not correlate with CXCL12
expression in metastatic colorectal cancer cells. Therefore,
the expression and role of cytoplasmic CXCR4 probably
differs between metastatic and primary sites, which would
be consistent with the findings of Shim et al. [22].

Some types of cancers express nuclear CXCR4, but its
precise function has not been fully elucidated [20, 21,
36-39]. Nuclear CXCR4 expression correlates with a better
prognosis in non-small cell lung cancer [20]. Consistent
with this finding, nuclear CXCR4 expression closely cor-
related with better overall and hepatic disease-free survival
in the present study. Upregulated nuclear CXCR4 expres-
sion might counteract the effect of the cytoplasmic CXCR4
expression that is associated with a poor prognosis. On the
other hand, nuclear CXCR4 expression is associated with a
poor prognosis in primary colon cancer [21, 38]. Like the
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Pattern of CXCR4
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and nuclear b CXCR4. CY cytoplasmic expression, NC nuclear
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+ NC (-); 4, CY (+) + NC (-). Expression profiles significantly

role of epidermal growth factor receptor (EGFR) in asso-
ciation with cyclin D1, internalized CXCR4 might act as a
transcription factor [38, 40] that could induce tumor pro-
gression accompanied by NF-«kB activation [41]. However,
our data contradict this notion. Although the precise
molecular mechanism and role of nuclear CXCR4
expression remain unknown, one theory has been proposed
[11, 22, 42-44]. Upregulated CXCL12 in hepatocytes was
an independent significant prognosis factor for both overall
and hepatic disease-free survival. The results of our fluo-
rescence microscopy study of CXCR4 expression in cancer
cell line are consistent with the finding that increased
CXCL12 levels cause nuclear CXCR4 internalization in
cancer cell lines in vitro [44], and suggest that the tumor
microenvironment alters CXCR4 expression profiles in

cancer cells. Spano et al. demonstrated that interaction

between CXCL12 and CXCR4 might be disrupted when
CXCR4 is expressed in the nucleus [20]. Inhibiting
CXCR4 and CXCLI12 interaction is likely to reduce
metastases [45]. These findings suggest that further
metastases into organs other than the liver might not be
induced by the tumor microenvironment and if so, curative
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hepatic resection for metastases would improve survival.
Nuclear CXCR4 and hepatocyte CXCL12 expression cor-
related in the current study, suggesting that consistently
upregulated CXCL12 expression in the liver alters the
microenvironment, reduces cytomembrane CXCR4
expression and leads to CXCR4 internalization. Thus, the
tumor microenvironment might be altered in a specific
manner after liver metastasis becomes established.

CXCR7 has recently been identified as another receptor
for CXCL12 [29]. CXCR4 and CXCL12 expression did not
correlate in tumor cells, suggesting that CXCR7 is asso-
ciated with metastases of colorectal cancer. Although we
have no further information about CXCR7 expression,
further investigation of interactions between CXCL12 and
CXCR?7 might be warranted. CXCL12/CXCR4 expression
accumulates in CD133 positive tumor cells that might, in
part, be derived from cancer stem cells [18, 19]. CD133
expression is an independent prognostic marker of poor
survival in colorectal cancer [46]. The present study found
that increased CD133 expression tended to indicate poor
overall survival, suggesting that that it plays a specific role
in the progression of colorectal liver metastases.
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Table 3 Univariate and

multivariate analysis of Factors Overall survival Hepatic disease-free survival
predictive factors for overall 3-year (MST; months) P value*  3-year (MST; month) P value*
and hepatic disease-free
survival Timing of metastases
Synchronous (n = 44) 65% (65) 0.17 28% (18) 0.0003
Metachronous (n = 48) 65% 68%
Tumor size
<50 mm (n = 71) 76% 0.13 56% (73) 0.0087
>50 mm (n = 21) 67% (52) 26% (17)
Primary lymph node involvement
Negative(n = 34) 89% 0.0128 60% 0.13
Positive (n = 58) 66% (56) 43% (24)
Number of metastases
<4 (n=174) 81% 0.0084 55% (73) 0.0044
>5(n = 18) 48% (32)
Cytoplasm CXCR4 expression
Low (n = 56) 78% 0.14 51% (56) 0.76
High (n = 36) 67% 45% (30)
Nuclear CXCR4 expression
Negative (n = 69) 67% 0.0267 43% (23) 0.064
Positive (n = 23) 93% 68%
Hepatocyte CXCL12 expression
Negative (n = 24) 49% (25) 0.0051 38% (13) 0.0268
Positive (n = 68) 80% 53% (73)
CD133 expression
Low (n = 64) 78% 0.0153 49% (33) 0.78
High (n = 28) 64% (52) 49% (30)
Factors 95% confidence intervals
Relative risk Lower Upper P value**
Overall survival
Timing of metastases (synchronous) 1.27 0.52 3.09 0.60
Tumor size (>50 mm) 0.94 0.37 2.37 0.89
Primary lymph node involvement (positive) 3.87 1.40 10.7 0.009
Number of metastases (>5) 2.05 0.75 5.59 0.16
Cytoplasm CXCR4 expression (low) 0.43 0.18 1.02 0.056
Nuclear CXCR4 expression (low) 4.05 1.19 13.8 0.025
Hepatocyte CXCL12 expression (low) 2.5 1.17 6.55 0.022
CD133 expression (high) 2.03 0.94 437 0.070
Hepatic disease-free survival
Timing of metastases (synchronous) 2.54 1.34 4.83 0.004
Tumor size (=50 mm) 1.82 0.92 3.58 0.083
Primary lymph node involvement (positive) 1.73 0.90 3.33 0.099
MST median survival time Number of metastases (>5) 1.38 0.64 2.98 0.41
(months) Cytoplasm CXCR4 expression (low) 0.89 0.49 1.63 0.71
* Log-rank test, ** Cox Nuclear CXCR4 expression (low) 2.40 1.08 5.33 0.031
proportional hazards model )
Bold values indicate statistically Hepatocyte CX.CLIZ.expressnon (low) 2.09 1.10 3.98 0.025
CD133 expression (high) 1.01 0.53 1.92 >0.9

significance
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The present study identified a correlation between
CXCR4 expression and a fibrous pseudocapsule (FC) sur-
rounding the tumor. According to a previous report, sur-
vival is better among patients with, than without FC
formation [24]. However, the mechanism for such forma-
tion remains obscure. A previous and the present study
found a significantly lower microvessel density in patients
with, than without FC (data not shown). The tumor envi-
ronment inside FC might be hypoxic, which would reduce
CXCR4 expression [44] and a hypoxic tumor environment
beneath FC might further inhibit cytoplasmic CXCR4
expression and tumor progression. Notably, one study has
shown that hepatic stellate cells express CXCR4 [47].
Although the mechanism of FC formation has not been
clarified, CXCL12 upregulation in the liver probably
induces the activation of hepatic stellate cells which pro-
duce a fibrotic matrix, thus forming FC.

High levels of nuclear CXCR4 and hepatocyte CXCL12
expression are associated with overall and hepatic disease-
free survival compared with other reported clinical factors
[23-25]. Thus, the expression profiles of CXCR4 and
CXCL12 might predict remnant liver cancer recurrence
and a poor prognosis. In conclusion, CXCR4/CXCL12 may
play crucial roles in the biologically aggressive behavior of
colorectal liver metastasis, and CXCR4 expression in
metastatic liver tumors together with CXCL12 upregula-
tion in hepatocytes may be useful to predict the clinical
outcomes of patients with CLM after hepatectomy. Further
studies are required to define the role of nuclear CXCR4
expression in patients with colorectal liver metastasis.
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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 investigated the usefulness
of dual-phase F-18 fluorodeoxyglucose positron emission to-
mography with computed romography (FDG-PET/CT) to dif-
ferentiate benign from malignant intraductal papillary muci-
nous neoplasms (IPMNs) and to evaluate branch-duct IPMNs.
METHODS: We used FDG-PET/CT to evaluate IPMNs in 48
consecutive patients who underwent surgical resection from
May 2004 to 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 identify branch-duct IPMNs was
compared with thar of the Inrernational Consensus Guidelines.
RESULTS: The maximum standardized uptake value (SUV-
max) was higher for early-phase malignant IPMNs than chat for
benign IPMNs (3.5 * 2.2 vs 1.5 = 0.4, P < .001). When the
SUVmax cutoff value was set 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 cucoff 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-
duct IPMNs with greater specificity than FDG-PET/CT. The
Guidelines criteria of maximum cyst size =30 mm and the
presence of intramural nodules identified branch-duct IPMNs
with almost equal sensirivity 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:  Imaging; Diagnosis; Comparison;  Pancreas;

Carcinoma.

Since its frst description by Ohashi er 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.* IPMN
manifests in a variery of histologic grades, is associared with the
adenoma-carcinoma sequence, and may be benign or malig-
nane.* 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%.” 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, che 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 symproms, (2) main pancre-
atic duct (MPD) diameter =7 mum, (3) cyst size =30 mm, (4)
preserice 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.

Characterization of IPMN is accomplished by using sev-
eral imaging modalities such as multidetector 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 anaromic imaging modality rhar derects abnor-
malities in glucose merabolism by using a glucose analogue
combined wich 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 to differentiate benign from
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 papiliary mucinous neoplasm; LGD, low-grade dysplasia; MPD,
main pancreatic duct; MRCP, magnetic resonance cholangiopancre-
atography; RI, 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 study was to evaluate
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 cumors were surgically resected at our insticute. 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 recrospectively.

In all patients, sex, age, serum carcinoembryonic antigen
levels, serum carbohydrate antigen 19-9 levels, cumor 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. Multide-
tecror row compurced tomography, EUS, and MRCP were per-
formed for all patients. In 41 patients, pancreatic juice was
sampled before surgical resection for cytologic examination.
Diagnoses based on cytology were categorized into the follow-
ing S5 groups: benign, reactive process, atypical cells indecermi-
nate for malignancy, malignancy scrongly suspected, and cyrol-
ogy conclusive for malignancy. Cytologic results in which
malignancy was strongly suspected or conclusive were regarded
as cancer positive, and atypical results were regarded as cancer
negarive. In this 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
mer at least 1 of the following ICG criteria'’: cyst size =30 mm,
MPD diameter =7 mm, presence of intramural nodules, or
cyrologically confirmed malignant and symptomatic IPMN.
Types of surgery performed included pancreaticoduodenec-
romy (n = 23), distal pancreateccomy {(n = 23), and pancreate-
ctomy (n = 2).

Histopathologic Diagnosis

According to the Wotld Health Organization 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, WTI), and Discovery ST (GE
Healchcare). 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 minuces
after injection in all 48 patients. Dual-phase FDG-PET/CT
scans were performed in the parients 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 evaluated 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 (kBg/mL)/{In-
jected dose (MBq)/Body weight (kg)]. The retention index (RI)
was also defined by using the following formula: (SUVgauyed —
SUVeury) X 100/SUVeey,

Statistical Analysis

Statistical differences between subgroups were deter-
mined by using the Mann-Whitney U test and the x? test. The
optimal cutoff value of SUVmax to differentiate benign from
malignant IPMNs was determined by receiver operating charac-
teristic analysis. Sensitivity, specificity, and accuracy were also cal-
culated. 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 [PMN in 32 patients.

The significant differences berween benign and malignant
TPMN cases are summarized in Table 1. No significanc differ-
ences in sex, age, tumor location, tumor type, cumor 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 thart in benign IPMN cases (8.1 %
4.0 mm vs 4.7 * 2.2 mm, P = .001). The mean height of the
incramural 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 parients
(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 carly
phase of malignant IPMN was significancly higher than chat in
benign IPMN cases (3.5 £ 2.2 vs 1.5 = 0.4, P < .001).

Figure 1 depicts correlations between histopathologic types
of IPMN and SUVmax in the early phase. Mean SUVmax in the
early 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 .5887
Male 12 20
Female 4 12
Age (y) 67.2*+79 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 8.1+4.0 .001°
Cyst size (mm) 27.3+x7.6 29.9x204 .974b
Intramural nodules 4219
Present 10 25
Absent 6 7
Height of intramural 7.3x4.7 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*18 4.0x33 678"
antigen (ng/mlL)
Carbohydrate antigen 16.6 = 16.6 43.0 = 60.3 .167%
199 (U/ml)
SUVmax (early phase) 1.5*0.4 3.5+x22 <.001b

ay? test,
Mann-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 chat in HGD cases (P < .001).

P < .001° P < .001"
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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 IGD, 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 carcinorma 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 SUVmMax; 3 of 5 benign IPMNs (60.0%) had decrease in
SUVmax on delayed phase. The Rl 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 Rl 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-Whitney U test.

In chis study, dual-phase FDG-PET/CT was performed in 18
patients. Histopathologic analysis identified LGD and 1GD in §
of these parients, 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 5 cases of benign IPMN (60.0%),
SUVmax decreased in the delayed phase. RI 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-
teristic 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 wete all
88%. When the cutoff value of SUVmax in the early phase was
set to 2.0 and cthe 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 FDG-PET/CT in evaluation of branch-
duct type IPMN was compared with that of evaluation accord-
ing to the clinical features indicating malignant potential in
IPMN, as outlined by the ICG (Table 3). In cases with branch-
duct type IPMN, when the cucoff 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 criteria of maximum cyst size
230 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 Ri
Positive 1 13 15
Negative 15 4 o]
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 preoperative usefulness of FDG-
PET/CT in differentiating between histologically confirmed be-
nign and malignant IPMNs was evaluated. When the curoff
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 curoff
level of 2.5 in 64 patients with IPMN. Tomimaru et al'? exam-
ined several cutoff levels in 29 cases of IPMN. The sensitivity,
specificity, and accuracy levels in thar study were 93%, 100%,
and 96%, respectively, at a cutoff level of 2.5 and 93%, 86%, and
89%, respectively, at a cutoff level of 2.0.

In the current study, the oprimal curoff 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
cucoff value berween 2.0 and 2.5 may be oprimal. 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 er 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 Dbeen 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 FDDG is not a tumor-specific substance. FDG also ac-
cumulates in inflammatory lesions, which can cause false-pos-
itive resules.'® Dual-phase FDG-PET/CT has been performed in
some studies' ™" to differentiate benign from malignant lesions
in various cancers. The longer time 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 FDG in tumor
cells. In concrast, a prolonged period of FDG uprake is less
common in inflammartory lesions or normal tissues.'® Potencial
limitations of dual-phase FDG-PET/CT include ics low avail-
ability, high exposure to radiation, and increased procedural
time.

Table 3. Usefulness 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 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 that 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 differenciation between
benign and malignant IPMNs was not examined in other stud-
ies. IPMN shows a wide spectrum of histologic grades ranging
from benign to malignant neoplasms. Benign IPMN is thought
to be low in mertabolic activity; therefore, we assumed SUVmax
of benign IPMN rto decrease in the delayed phase.

In this study, dual-phase FDG-PET/CT imaging was per-
formed in 18 pacients. RI values in malignanc and benign TPMN
cases were 19.6 = 17.8 and —2.6 £ 12.9, respectively, and a
significant difference was observed between the 2 groups. Fur-
thermore, in 12 of 13 malignant 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 the 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
TPMN. 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 inflammacory lesion
may have been responsible for chis false-positive finding. Thus,
this 2-step method of FDG-PET/CT may be useful for differ-
entiating between benign and malignant 1PMNs.

The ICG recommends surgical resection for all cases of
main-duct type IPMN. On the other hand, branch-duct type
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 in differentiating between
benign and malignane 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 IPMN. The
validity of these recommendations for the detection of malig-
nancy was recrospectively evaluared in 2 follow-up studies. 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 relatively high resection rate for those withour malig-
nancy.***

In this 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 retrospective studies**** have demonstrared its accuracy
in the diagnosis of IPMN. EUS has been used to detecr intra-
mural lesions in the pancreatic duct, with good resules. 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 rare of
false-positive cases in that study. These results were caused by
mucin in the pancrearic duct, which may appear to be incra-
mural lesions on EUS. In the current study, EUS was suffi-
ciently sensitive in determination of cyst size =30 mm and the
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presence of intramural nodules, bur specificity and accuracy
were inferior to those of FDG-PET/CT. On the other hand, EUS
showed good specificity for MPD diameter =7 mm, but its
sensitivity and accuracy were inferior to those of FDG-PET/CT.
These results demonstrate the usefulness of FDG-PET/CT in
branch-duct type IPMN compared with an evaluation that was
based on clinical 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
adapracions have been narrowed down according to the ICG
criceria for IPMN; in these partients, 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 reliability of this strategy.

Conclusions

FDG-PET/CT with dual-phase imaging is a useful clin-
ical modality for preoperative determination of malignant
IPMN. FDG-PET/CT is useful in the evaluation of branch-duct
type IPMN compared with evaluarion that is based on the
clinical features suggesting malignant potential outlined in the
1ICG.

References

1. Ohhashi K, Murakami Y, Maruyama M, et al. Four cases of
mucus-secreting pancreatic cancer. Prog Dig Endosc 1982;20:
348-351.

2. Kloppel G, Solcia E, Longnecker DS, et al. Histological typing of
tumors of the exocrine pancreas. In: World Health Organization:
international histological classification of tumours. 2nd ed. Ber-
lin, Germany: Springer, 1996:15-21.

3. Goh BK, Tan YM, Cheow PC, et al. Cystic neoplasms of the
pancreas with mucin-production. Eur J Surg Oncol 2005;31:282~
287.

4. Salvia R, Fernandezdel Castillo C, Bassi C, et al. Main-duct
intraductal papillary mucinous neoplasms of the pancreas: clini-
cal predictors of malignancy and long-term survival following re-
section. Ann Surg 2004;239:678-685.

5. Sugiyama M, lzumisato Y, Abe N, et al. Predictive factors for
malignancy in intraductal papillary-mucinous tumours of the pan-
creas. BrJ Surg 2003;90:1244-1249.

6. Terris B, Ponsot P, Paye F, et al. Intraductal papillary mucinous
tumors of the pancreas confined to secondary ducts show less
aggressive pathologic features as compared with those involving
the main pancreatic duct. Am J Surg Pathol 2000;24:1372-
1377.

7. Sohn TA, Yeo CJ, Cameron JL, et al. Intraductal papillary muci-
nous neoplasms of the pancreas: an updated experience. Ann
Surg 2004;239:788-797.

8. Kitagawa Y, Unger TA, Taylor S, et al. Mucus is a predictor of
better prognosis and survival in patients with intraductal papillary
mucinous tumor of the pancreas. J Gastrointest Surg 2003;7:
12-19.

9. Matsumoto T, Aramaki M, Yada K, et al. Optimal management of
the branch duct type intraductal papillary mucinous neoplasms of
the pancreas. J Clin Gastroenterol 2003;36:261~-265.



