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Figure 1. a-Ptchl recognized 160 kDa protein in immunoblotting analysis. (4) The extract of Pancl was analyzed by immunoblotting with control pre-
serum or a-Pichl as first antibodies. a-Ptch1 recognized a 160 kDa band in the Pancl extract, but pre-serum did not. (B) Multiple extracts of cancer cell
lines, as indicated, were analyzed by immunoblotting with a-Pitchl or G-19. Both a-Ptchl and G-19 recognized the same 160 kDa band in all extracts.

comparison to pre-serum in a dose dependent manner
(Figure 4B). Proliferation of a colon cancer cell line DLD1
was not attenuated by a-Ptchl (data not shown), consistent
with the fact that the Hh signaling pathway is not activated
in most colon cancers (7, 12).

Discussion

Ectopic activation of the Hh signaling pathway has been
demostrated in pancreatic cancer development (4) and
Shh over-production is the major course of this activation
(3). We have previously reported that inflammatory
stimuli induced over-expression of Shh through NF-kB
activation in pancreatic cancer (6). Suppression of the
aberrantly activated Hh signaling pathway attenuated
proliferation, invasion and metastases of pancreatic
cancer (2). In the present study, antibodies raised against
Ptchl had a suppressive effect on Hh signaling activity

and pancreatic cancer cell proliferation. Ptchl is trans-
membrane protein, located on the plasma membrane (13,
14). Shh binds Ptchl and transmits signals to the sterol
sensing domain (SSD) (15), which suppresses Ptchl and
inhibits Smo (16, 17). Because we aimed to suppress the
activity of the Hh signaling pathway and proliferation of
cancer cells, the target sequence of a-Ptchl was located
in one of the two extra-cellular arms, the putative
docking site of the Hh ligand and Ptchl to avoid stimuli
from Shh to the SSD (13, 14, 18-20). As shown by RT-
PCR, a-Ptchl had the ability to suppress Hh signaling
activity in pancreatic cancer cells.

We examined two pancreatic cancer cell lines for
confirmation of a-Ptchl effect on Hh activity and cancer
proliferation. a-Ptchl suppressed the proliferation of Pancl
less than that of SUIT-2, consistent with the fact that Pancl
is less dcpendent‘fon the Hh signaling pathway than other
pancreatic cancer cell lines (2). :
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pre-serum

o-Ptchl

Figure 2. a-Ptch1 recognized a cell surface protein. Pancl cells were stained with control pre-serum (left) or a-Ptchl (middle) as first antibodies and
subjected to immunofluorescence using laser confocal microscopy. a-Ptchl exclusively showed cell surface images, in a similar pattern to phase contrast

images (right) in contrast to the pre-serum.
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Figure 3. a-Ptchl antibodies suppressed the Hh signal pathway activity in
pancreatic cancer cells. Pancl cells were incubated with control pre-serum
or a-Ptchl, and subjected to RT-PCR with primers for Gli1(480 bp) and
Prchl (376 bp) with B-actin (436 bp) as internal control, as indicated. a-
Ptchl suppressed Glil and Ptchl mRNA expression compared with pre-
serumn, while no significant differences were detected in the levels of B-actin
mRNA expressions with both sera.

The effects of a-Ptch1 on Hh signaling activity and cancer
cell growth highlight the significance of the Hh pathway and
Ptchl as targets of pancreatic cancer treatment. Further
research for the identification of small molecules inhibiting
the function of target peptides may shed new light on
pancreatic cancer treatment and other Hh related
carcinomas.
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Figure 4. a-Pichl suppressed pancreatic cancer cell proliferation. Pancl
(A) and SUIT-2 (B) were incubated with 1% (or the indicated
concentrations) of a-Ptchl or control pre-serum for 4 days and cell numbers
were counted by flow-cytometry. Cell numbers relative to those of pre-serum
are indicated. Pro[i!‘:eration of Pancl was suppressed by a-Ptchl in contrast
{0 pre-serum (A). Proliferation of SUIT-2 was significantly suppressed by a-
Prchl in contrast to pre-serum in a dose dependent manner (B).
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Abstract

Background: Pancreatic fistula, although not common, can cause serious complications after pancreate-
ctomy. During local pancreatectomy, injury to the main pancreatic duct (in addition to the accessory and
side branch ducts) increases the risk of pancreatic fistula formation. Nonetheless, local pancreatic resection
maintains the advantage of preserving pancreatic parenchyma.

Methods: In this study, we reviewed the cases of 5 patients who underwent preoperative endoscopic
transpapillary pancreatic stenting to help prevent refractory fistula development after local pancreatic
resection.

Results: Stenting was successful in all 5 patients, and none developed a refractory grade C postoperative
pancreatic fistula.

Conclusions: These results suggest that in selected patients, preoperative endoscopic pancreatic stenting
may be an effective prophylactic measure to lower the risk of refractory grade C fistula formation after

local pancreatic resection. © 2007 Excerpta Medica Inc. All rights reserved.

Keywords: Pancreatic resection; Postoperative pancreatic fistula; Pancreatic stenting

Postoperative pancreatic fistula (POPF), although not com-
mon, can cause serious complications after pancreatectomy.
The incidence of POPF ranges from 0% to 24% after pan-
creatoduodenectomy, to 10% to 38% after distal pancreate-
ctomy [1-9]. During local pancreatectomy, injury to the
main pancreatic duct (in addition to the accessory and side
branch ducts) increases the risk of POPF formation. In
response to conservative treatment, including no oral intake
(pancreatic rest) and adequate drainage, most POPFs re-
solve transiently and spontaneously in conjunction with a
decrease in the output of pancreatic leakage. However,
patients with refractory POPF can develop further compli-
cations such as intraperitoneal abscess, sepsis, and lethal
hemorrhage. For this reason, prophylactic strategies such as
pancreatic transaction with modern equipment, fibrin glue seal-
ing of the pancreatic stump, prolamine occlusion of main
pancreatic duct, octreotide administration, and Roux-en-Y pan-
creatojejunostomy have been employed to decrease the inci-

* Corresponding author. Tel.: +81-96-373-5213; fax: +81-96-371-
4378
E-mail address: hdobaba@Xkaiju.medic.kumamoto-u.ac.jp

dence of POPF {10-13]. However, none of these procedures
eliminates the risk of POPF development.

Local pancreatic resection is indicated for benign or
low-grade malignant neoplasms, including intraductal pap-
illary mucinous neoplasm, mucinous cystic neoplasm, se-
rous cystadenoma, and islet cell tumor. It also can be ap-
plied to duodenal neoplasms that invade into the pancreas.
Although local pancreatic resection maintains the advantage
of preserving pancreatic parenchyma, POPF can develop.
Sugiyama et al reported the case of a patient in whom
preoperative endoscopic pancreatic stenting prevented the
development of POPF following local resection of the pan-
creatic body tumor [14]. Also, Abe et al reported the effi-
cacy of preoperative endoscopic pancreatic stenting for pre-
venting POPF formation after distal pancreatectomy [15].
Together, these reports suggest that preoperative endo-
scopic pancreatic stenting may be an effective prophylactic
against POPF development, even after local resection of
lesions in the pancreatic head. POPF is defined by any
measurable volume of fluid put out from a drain on or after
postoperative day 3 with amylase activity at least 3 times
higher than serum amylase [16]. The International Study

0002-9610/07/$ — see front matter © 2007 Excerpta Medica Inc. All rights reserved.
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Fig. 1. Photo after local pancreatic resection in case no. 1. The common
bile duct (arrow head) and main pancreatic duct (arrow) are exposed on the
resection plane. The main pancreatic duct can be detected by the blue color
of the indwelled pancreatic stent visible through the wall.

Group on Pancreatic Fistula definition further classified
POPFs into 3 grades. Grade A is common transient fistula.
Grade B requires a change in management or adjustment in
the clinical pathway. If the drains are not functioning to
fully drain the fistula, repositioning of the drains is required.
Grade C is a refractory POPF that requires a major change
in clinical management and aggressive clinical intervention.
In this study, we reviewed the cases of 5 patients who
underwent prophylactic preoperative endoscopic transpap-
illary pancreatic stenting to prevent refractory POPF forma-
tion after local resection of lesions in the pancreatic head
region.

Patients and Methods

Between the 2000 and 2006, 5 patients underwent local
resection in the pancreatic head region. All 5 patients un-
derwent prophylactic preoperative endoscopic transpapil-
lary pancreatic stenting to prevent the formation of POPF.
There is no control patient who underwent local pancreatic
resection without stenting. The group included 4 men and 1
woman, and the mean age was 41 years (range 21 to 69
years). Patients’ lesions included 2 cases of insulinoma (one

Table 1
Characteristics of patients

with noninvasive cancer), 2 cases of IPMN, and 1 case of a
duodenal gastrointestinal stromal tumor. Five to 7 days
prior to surgery, after informed consents were obtained,
each patient underwent placement of an endoscopic trans-
papillary pancreatic stent (5 F, 5 cm).

During the pancreatic transection, the pancreatic paren-
chyma was ligated with a nonabsorbable suture. Although
fibrin glue was not applied to the pancreatic stump, 1 or 2
closed drains were placed around it. Octreotide was not
administered postoperatively. -

Results

Preoperative endoscopic transpapillary pancreatic stent-
ing was performed successfully in all 5 patients. No endo-
scopic sphincterotomy or balloon dilatation was required by
the patients, and none developed acute pancreatitis after
stent placement.

During local pancreatectomy (Fig. 1), injury to the main
pancreatic duct (in addition to the accessory and side branch
ducts) increases the risk of pancreatic fistula formation.
Postoperatively, none of the 5 patients developed refractory
grade C POPF or any other major complications, including
intra-abdominal abscess or hemorrhage, pseudocyst, or sep-
sis (Table 1). Two developed minor and transient biochem-
ical POPF (grades A and B). One of the above 2 patients
with transient POPF underwent replacement of closed
drains around the pancreatic stump because they dislodged
postoperatively. Another patient showed transient bile leak-
age from the cystic duct stump, which was confirmed by
cholangiography via a nasobiliary drainage tube. Although
patients had a 60% morbidity rate, no incidence of grade C
POPF seems to be worthwhile when taking the possible risk
of pancreatic duct injury in local pancreatectomy into con-
sideration. The pancreatic stents were removed postopera-
tively between 2 and 8 weeks. For the first 2 patients, the
stents were removed during the same hospital stay as the
operation. For the other 3 patients, the stents were removed
after readmission or in an outpatient clinic. No pancreatic
stent occlusions were found by macroscopic observation of
stent lumens.

Comments
Branch-type IPMN is characterized by low potential for
malignancy. Insulinoma is essentially a benign neoplasm,

Diagnosis Age/sex  Duration of Duration of Amylase concentration in ~ Complications
stent-indwelling  hospital stay*  drain fluid (U/L)
~2nd POD  3rd POD~

Case no. 1: intraductal papillary mucinous adenoma 69/M 6 wk i3 wk ND 478 POPF grade A
Case no. 2: insulinoma 21/F 6 wk 7 wk 1,322 74 None
Case no. 3: duodenal gastrointestinal stromal tumor  23/M 3 wk 4 wk 133 ND None
Case no. 4: insulinoma 36/M 9 wk 5wk 705 199 Minor bile leakage
Case no. 5: intraductal papillary mucinous

noninvasive carcinoma 5TM 13 wk 3 wk 4200 1,702 POPF grade B

Dislodgement of drain

POD = postoperative day; ND = not determined; POPF = postoperative pancreatic fistula.
* Duration of hospital stay in Japan, especially in our institute, is generally longer compared with other countries.
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and although gastrointestinal stromal tumor is a malignant
neoplasm, its growth is not massively invasive nor does it
disseminate to lymph nodes. Many minimally invasive sur-
gical procedures, including duodenum-preserving pancre-
atic head resection [17,18), pancreatic head resection with
segmental duodenectomy [19], dorsal/ventral pancreatec-
tomy [20], resection of the lower portion of the head of the
pancreas [21], and single-branch resection [22], have been
devised for the clinical treatment of such benign or low-
grade malignant lesions of the pancreas. POPF continues to
be the most troublesome and sometimes lethal complication
following partial resection of the pancreas.

In patients with local pancreatic neoplasms, the pancreas
is usually soft and maintains normal exocrine function. The
standard surgical technique for preventing pancreatic juice
leakage from the resection plane of the remnant pancreas is
closure by suturing the resection plane [23]. However, the
branch pancreatic ducts that communicate with the main
duct cross the resection plane, and because of their size, the
stumps of these small ducts cannot all be identified and
ligated during transection. Thus, closure of the resection
plane by suturing may not occlude small pancreatic ducts
completely, and leakage from these ducts can lead to POPF
formation.

Endoscopic pancreatic stenting has been used success-
fully to treat pancreatic ductal stricture, pancreatic stones,
pancreatic divism, and pancreatic duct disruption secondary
to acute pancreatitis or pancreatic trauma [24,25]. Only a
few reports have described the use of endoscopic pancreatic
stenting for the treatment or prophylaxis of POPF develop-
ment after pancreatic surgery [14,15,25,26]. Observations
during endoscopic treatment for pancreatic fistula {24-27]
demonstrate that a pancreatic stent allows the resection
plane to seal by decompression of the pancreatic duct
[24,27]. ,

In addition to reducing pancreatic juice leakage from the
resection plane, preoperative endoscopic transpapillary pan-
creatic stenting also prevents injury to the main pancreatic
duct in 2 ways. First, the anatomy of the main pancreatic
duct is clarified by palpating the stent, and/or by viewing its
color. Second, the installed stent can prevent dislocation of
the main pancreatic duct during tumor retraction. Although
early complications associated with the stent placement are
noteworthy, none of the 5 patients described here developed
acute pancreatitis after stent placement. Furthermore, no
pancreatic stent occlusion was found in our series, although
stent occlusions can induce the development of POPF.

In conclusion, preoperative endoscopic pancreatic stent-
ing in selected patients may be an effective prophylactic to
prevent refractory grade C POPF formation following local
pancreatic resection. Further investigation of additional
cases will be required to evaluate the benefit of this ap-
proach with greater precision.
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Abstract. Pancreatic carcinoma is one of the most lethal of
the gastrointestinal malignant tumors. Chronic inflammation
leads to cancer development and progression. Interleukin-8
(CXCL-8) is a CXC chemokine, which plays an important
role in neutrophil chemotaxis and activation. We previously
reported that CXCL-8 was produced by a variety of human
carcinoma cells and tissues, and that CXCL-8 promoted
proliferation in pancreatic carcinoma cells (SUIT-2). In the
present study, we analyzed whether various cytokines affect
cell proliferation by CXCL-8 expression in pancreas carcinoma
cells. All examined pancreatic carcinoma cells expressed
CXCL-8 and TNFRII mRNA constitutively in RPMI-1640
medium without FBS. TNF-a, LIF, IL-18, IL-6, IL-8, or IFN-3
enhanced the expression of CXCL-8 mRNA, but IL-10 did
not in Hs-700T cells. Actinomycin D suppressed and cyclo-
heximide augmented CXCL-8 mRNA which was induced by
TNF-« or not. The half-life of CXCL-8 mRNA was 36.5 min
by TNF-a and 35.2 min by no stimulation. In our previous
study, LIF promoted cell growth in Hs-700T cells. LIF
induced CXCL-8 mRNA in a dose- and time-dependent
manner. Addition of recombinant CXCL-8 did not induce
cell growth of Hs-700T. Anti-CXCL-8 IgG significantly
suppressed cell growth. CXCL-8 would act as an autocrine
growth factor in Hs-700T cells, which expressed CXCL-8
mRNA highly without stimulation. Curcumin (diferuloyl-
methane), NF-xB inhibitor, suppressed cell proliferation in
Hs-700T cells. These results suggest that CXCL-8 plays a
pivotal role in progression of pancreatic cancer, and its expr-
ession is influenced by inflammatory cytokines in pancreatic
tumor microenvironment.
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Introduction

Pancreatic cancer is an aggressive disease in gastrointestinal
malignancy. Surgical resections of tumor are only effective
therapy before it has spread outside the pancreas, but have little
effect with locally advanced or metastatic disease. Other
current therapies, such as chemotherapy, radiation, and
immunotherapy, rarely improve the prognosis of patients
bearing pancreatic cancer, whereas they can alter the quality
of life by controlling the symptoms and complications. Chronic
inflammation, including hepatitis, gastritis, and colitis, causes
cancer development by genetic alterations and cellular trans-
formations (1). Chronic pancreatitis also increases the risk
of developing pancreatic cancer (2,3). Understanding the
mechanisms underlying the interaction between chronic
inflammation and cancer progression would provide novel
insights for therapeutic intervention.

Interleukin-8 (CXCL-8) was initially isolated as neutrophil
chemotactic factor by Yoshimura et al (4). CXCL-8 is a
pleiotropic CXC chemokine, which plays an important role
in neutrophil chemotaxis and activation. CXCL-8 is produced
by a variety of cells, including leukocytes, endothelial cells,
and fibroblasts. CXCL-8 contains the ELR (Glu-Leu-Arg)
motif, which promotes angiogenesis by endothelial cell pro-
liferation and MMP expression. The expression of CXCL-8
correlated with tumorgenesis and metastatic potentials in
human carcinoma cells. CXCL-8 was expressed in obstructive
pancreatitis by which pancreatic tumors can be caused.
CXCL-8 could be influenced by inflammatory cytokines in
the tumor microenvironment.

We previously reported that CXCL-8 was produced by a
variety of human carcinoma cells (5) and tissues and promoted
cell proliferation in pancreatic carcinoma cells (SUIT-2) (6,7).
In this study, we hypothesized that CXCL-8 produced by
pancreatic carcinoma cells increases proliferation in an
autocrine manner. To test this hypothesis, expression of
CXCL-8 mRNA was assessed for changes after the stimul-
ation of cytokines, especially TNF-a and LIF. Pancreatic
carcinoma cells were treated with recombinant CXCL-8 or
neutralizing antibody. We demonstrated that pancreatic
carcinoma cells produced CXCL-8 in a cytokine network and
CXCL-8 influenced cell growth in various conditions and
mechanisms. '
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Materials and methods

Reagents. Human recombinant tumor necrosis factor-a
(TNF-a), interleukin-18 (IL-1B), leukemia inhibitory factor
(LIF), interleukin-6 (IL-6), interleukin-8 (CXCL-8) and
interferon-8 (IFN-B8) were purchased from R&D systems
(Minneapolis, MN). Anti-CXCL-8 polyclonal rabbit IgG and
control rabbit IgG were from Santa Cruz Biotechnology
(Santa Cruz, CA). 3-(4,5-dimethylthiazol-2-t1)-2,5-diphenyl-
tetrazolium bromide (MTT), actinomycin D (Act D) and
cycloheximide (CHX) were from Wako (Tokyo, Japan).
Curcumin (diferuloylmethane) was from Sigma (St. Louis,
MO). [a-?P]dCTP was from ICN (Costa Mesa, CA). Human
G3PDH cDNA were from Clontech (Palo Alto, CA).
Phosphate-buffered saline (PBS), RPMI-1640, fetal bovine
serum (FBS) and TRIzol reagent were from Life Technologies
(Gaithersburg, MD).

Cell lines and cell culture. Car¢inoma cell lines of the
pancreas (BxPc-3, Hs-700T and Hs-766T, AsPc-1, PANC-1,
Capan-1 and Capan-2) were purchased from the American
Type Cell Culture (ATCC). SUIT-2 was maintained in our
laboratory. All cell lines were cultured in RPMI-1640,
supplemented with 10% FBS, penicillin (100 units/ml) and
streptomycin (100 mg/ml) at 37°C in a humidified 5% CO, to
95% air atmosphere. The cells were starved overnight before
isolation of mRNA.

Northern blot analysis. When carcinoma cells were harvested
at 90% confluence, cells were washed with PBS. Cells were
further incubated for 24 h in the serum-free medium until
the experiment. Cells were stimulated with the reagents for
indicated times. Total RNA of carcinoma cells was extracted
by the guanidine thiocyanate-phenol-chloroform method as
previously described (8). Northern blot analysis was performed
as previously described (8). Membranes were hybridized
with various 32P-labeled probes including CXCL-8 (kindly
provided by Dr Teizo Yoshimura, NIH, NCI-Frederick, USA)
for Northern blot analysis. G3PDH was purchased from
Clontech. The results were expressed as a ratio to G3PDH.

RT-PCR analysis. RT-PCR analysis was performed as
described previously (8). The following primers were used
for PCR: TNFR II (Rp75) sense primer, 5'-GTGGAATG
GACTACTCCAAGG-3"; TNFR II (Rp75) antisense primer,
5“TCCTTCCCACCTTCATCTGT-3"; G3PDH sense primer,
5-GAAATCCCATCACCATCTTCC-3"; G3PDH antisense
primer, 5'-CCAGGGGTCTTACTCCTTGG-3'. The PCR
fragments were analyzed by 1.5% agarose gel electrophoresis
and visualized by ethidium bromide staining. PCR-assisted
mRNA amplification was repeated twice for at least two
separately prepared cDNA samples for each experiment. Data
was representative in at least three different experiments.

Cell proliferation assay. Carcinoma cells were washed by
PBS, and suspended at 1x10° cells/m] in medium (RPMI-
1640 + 2%FBS). Cells were transferred in triplicate to the 96-
well microtitre plates containing diluted recombinant human
TNF-a, LIF or CXCL-8. Plates were incubated for indicated
periods. To evaluate the proliferation of pancreatic carcinoma
cells, we performed MTT assay as described (9).
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Figure 1. Pancreatic carcinoma cells constitutively expressed CXCL-8 mRNA.
Carcinoma cells were cultured at 70-80% confluent in a 25-cm? flask. They
were then incubated with serum-starved medium for 24 h, and mRNA was
isolated. Approximately 10 ug per lane total cellular RNA was used for
Northern blot analysis.
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Figure 2. Regulation of CXCL-8 mRNA expression in Hs-700T cells. (A)
Carcinoma cells were incubated in medium RPMI-1640 without FBS for 24 h.
Then, cells were incubated with or without TNF-a (10 ng/ml), LIF (10 ng/ml),
IL-18 (10 ng/ml), IL-6 (10 ng/ml), CXCL-8 (10 ng/ml), IL-10 (10 ng/ml) or
IFN-8 (10 ng/ml) for 8 h. The expression of CXCL-8 and G3PDH mRNA
was analyzed by Northern blotting. Approximately 10 pg per lane total
cellular RNA was used. (B) Autoradiographic densities of each mRNA band
were quantitated using a Bio-Image Analyzer (Fuji film Co., Tokyo, Japan).
The results were standardized against the levels of G3PDH, and are presented
as relative density. The level of expression detected in untreated cells equaled 1.

Statistical analysis. The significance of differences in numerical
data was evaluated using the y?-test, or Student's t-test. The
probability level of p<0.05 was considered as the limit of
significant difference.

Results

Expression of CXCL-8 mRNA in human pancreatic carcinoma
cells. We firstly investigated whether pancreatic carcinoma
cells can express CXCL-8 mRNA constitutively in RPMI-1640
medium without FBS. As shown in Fig. 1, CXCL-8 mRNA
was detected in most pancreatic carcinoma cells by Northern
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Figure 3. Pancreatic carcinoma cells expressed TNF receptor (TNFRII) mRNA.
Carcinoma cells were cultured at 70-80% confluent in a 25-cm? flask. They
were then incubated with serum-starved medium for 24 h, and mRNA was
isolated. Approximately 5 pg per lane total cellular RNA was used for RT-PCR
analysis.

Figure 4. Effect of actinomycin D or cycloheximide on the expression of
CXCL-8 mRNA by TNF-a in Hs-700T cells. Hs-700T cells were serum-
starved and then treated with TNF-a (10 ng/ml) in combination with acti-
nomycin D (4 ¢M), or cycloheximide (50 #M). Total cellular RNA (10 pg)
was extracted and analyzed by Northern blotting.

blotting. Especially, Hs-700T expressed a large amount of
CXCL-8 mRNA transcript (lane 3).

Regulation of CXCL-8 mRNA expression by various cytokines
in Hs-700T cells. We examined the effect of TNF-q, IL-18,
LIF, IL-6, CXCL-8, IL-10 or IFN-B on CXCL-8 mRNA
expression in Hs-700T cells. In comparison with cells incubated
in medium (Fig. 2A and B, lane 1), TNF-q, IL-18, LIF, IL-6,
CXCL-8 or IFN-8 further augmented the expression levels of
CXCL-8 mRNA in Hs-700T cells (Fig. 2A and B, lanes 2-6
and 8). TNF-a was markedly upregulated to maximum effect
(6.2-fold), whereas IL-10 was not significantly upregulated
{(0.9-fold) in Hs-700T cells (Fig. 2A and B, lane 7). Similarly,
we observed upregulation of CXCL-8 mRNA expression by
these cytokines, especially TNF-a and IL-18, in other pancreas
carcinoma cells, such as BxPc-3, SUIT-2, Hs-766T and
Panc-1 cells (data not shown).

Expression of TNF receptor mRNA in pancreas carcinoma
cells. TNF-a binds two kinds of receptors, the 55-kDa, type I
(TNFR 1) and the 75-kDa, type Il (TNFR II), which mediate
gene expression through TNFR associated factor 2 (TRAF2)
cooperatively. TNFRI induces apoptosis through TNFR-
associated death domain (TRADD) protein (10). We analyzed
the expression of TNFR II mRNA after serum-starvation in
pancreatic carcinoma cells by RT-PCR analysis. As shown in
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Figure 5. Stability of CXCL-8 mRNA transcript by TNF-a in Hs-700T cells.
Carcinoma cells were serum-starved and then treated with CXCL-8 (10 ng/ml)
for 4 h. Additionally, cells were incubated with actinomycin D (4 uM) for
various lengths of time. Total cellular RNA (10 pug) was extracted and
analyzed by Northern blotting. (A) No treatment. (B) TNF-u treatment. (C)
Autoradiographic densities of each mRNA band were quantitated using
a Bio-Image Analyzer (Fuji film Co., Tokyo, Japan). The results were stan-
dardized against the levels of G3PDH, and are presented as relative density.
The level of expression detected in untreated cells after the stimulation of
actinomycin D for 15 min equaled 1.

Fig. 3, the expression of TNFR II mRNA was detectable in
most pancreatic carcinoma cells constitutively. These results
indicated that TNF-ua could induce CXCL-8 expression
through TNFR 1I in pancreatic carcinoma cells.

Effect of actinomycin D or cycloheximide on the expression of
CXCL-8 mRNA by TNF-a in Hs-700T cells. To investigate
whether TNF-a induces de novo protein synthesis, we analyzed
the effect of transcript synthesis inhibitor, actinomycin D
(Act D), and protein synthesis inhibitor, cycloheximide
(CHX), on the expression of CXCL-8 mRNA by Northern
blotting. Cells were stimulated with Act D or CHX for 3 h,
and followed by the stimulation of TNF-a or not. As shown
in Fig. 4, TNF-a enhanced CXCL-8 mRNA expression in
comparison with untreated cells (lanes 1 and 4) and Act D
markedly suppressed CXCL-8 mRNA expression (lanes 2
and 5). CHX augmented CXCL-8 mRNA which was induced
by TNF-a or not (lanes 3 and 6). The increase of CXCL-8
mRNA transcripts was dependent on de novo mRNA tran-
scription and they did not require other protein synthesis.
These results indicate that TNF-u« promotes de novo synthesis
of CXCL-8 in Hs-700T cells.

Effect of TNF-a on the stability of CXCL-8 transcripts in
Hs-700T cells. We next evaluated whether TNF-a affects the
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Figure 6. Regulation of CXCL-8 mRNA expression by LIF in Hs-700T
cells. Carcinoma cells were serum-starved and then treated with indicated
concentrations of human recombinant LIF for 8 h. Total cellular RNA was
extracted and the expression of CXCL-8 mRNA was analyzed by Northern
blotting. (A) CXCL-8 mRNA induction by dosage of LIF, 0-100 ng/ml. (B)
Kinetics of CXCL-8 mRNA induction by 10 ng/ml concentration of LIF.
(C) Autoradiographic densities of each mRNA band were quantitated using
a Bio-Image Analyzer (Fuji film Co., Tokyo, Japan) in kinetics study. The
results were standardized against the levels of G3PDH, and are presented as
relative density. The level of expression detected in untreated cells equaled 1.

stability of CXCL-8 mRNA post-transcriptionally in Hs-700T
cells. Cells were incubated in medium with or without TNF-a
for 3 h, and followed by addition of Act D for the indicated
time. The half-life of CXCL-8 mRNA was 36.5 min by TNF-a
and 35.2 min by no stimulation (Fig. 5). TNF-a did not affect
CXCL-8 mRNA stabilization in comparison with control,
indicating that TNF-a did not contribute to protection from
CXCL-8 mRNA degradation after transcription.

Regulation of CXCL-8 mRNA expression by LIF in Hs-700T
cells. Previously we reported that Hs-700T cells promoted cell
growth by the stimulation of LIF. We clarified the underlying
mechanism of induction of LIF, ¢-fos, junB, and cyclinE
mRNA (8). CHX suppressed endogenous LIF mRNA
expression after the stimulation of TNFa or LIF (data not
shown). This led us to assume that induction of LIF requires
de novo other protein synthesis. We evaluated whether LIF
induces the expression of CXCL-8 mRNA by Northern
blotting in Hs-700T cells. Cells were serum-starved and
then stimulated with various LIF concentrations. As shown
in Fig. 6A, addition of LIF induced endogenous CXCL-8
mRNA expression in a dose-dependent fashion, especially
>0.1 ng/ml concentration of LIF (lanes 3-6). Additive LIF
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Figure 7. Effect of CXCL-8, TNF-a, LIF, anti-CXCL-8 IgG, or curcumin on
cell proliferation of Hs-700T cells. Carcinoma cells (1x10° cells/ml) were
exposed to various concentrations of CXCL-8, TNF-«, LIF or anti-CXCL-8
1gG (0-100 ng/ml) in triplicate using the 96-well microtitre plates for 48 h.
Then, MTT assay was performed as described in Materials and methods.
Data were shown as mean = SD of three-four wells. Statistical significance
was evaluated by the Mann-Whitney t-test. (A) Effect of CXCL-8, TNF-« or
LIF. (B) Effect of anti-CXCL-8 1gG or control IgG. "P<0.001. (C) Effect of
curcumin. ‘P=0.0162, *"P=0.0007, ***P<0.0001.

also induced the expression of CXCL-8 mRNA in the early
phase of kinetics and maximally after stimulation for 45 min
(Fig. 6B and C).

Suppression of cell growth by neutralizing anti-CXCL-8 IgG
or curcumin in Hs-700T cells. The promotion of cell growth
might depend on CXCL-8 expression in Hs-700T cells. To
clarify this hypothesis, we examined whether the stimulation
of CXCL-8 promotes cell growth in Hs-700T cells. We
firstly investigated the effect of recombinant CXCL-8, TNF-a
and LIF on cell proliferation by MTT assay. As shown in
Fig. 7A, LIF promoted cell growth in a dose-dependent
manner, however CXCL-8 did not have a significant effect
after incubation for 48 h. TNF-a suppressed cell growth at a
dose of 10-100 ng/ml and cellular morphology of treated
cells partially exhibited loss of volume, rounding shape and
chromatin condensation, all being morphological features
of cells in apoptosis. As Hs-700T expressed both CXCL-8



INTERNATIONAL JOURNAL OF ONCOLOGY 31: 627-632, 2007

(Fig. 1) and its receptor mRNA (data not shown) constitutively,
CXCL-8 might function as an autocrine growth factor. Anti-
CXCL-8 IgG suppressed cell growth with increasing dose
and its inhibitory effects were significant with 1-100 pg/ml
of anti-CXCL-8 IgG (Fig. 7B). The promoter of CXCL-8
consists of consensus sequence motif of NF-xB, which is
strongly activated by TNF-a. Curcumin is a strong inhibitor
of NF-xB activation. We examined the effect of curcumin on
growth of Hs-700T cells by MTT assay. Carcinoma cells
were incubated in RPMI-1640 medium with curcumin or not
for 48 h. As shown in Fig. 7C, curcumin inhibited cell growth
in a dose-dependent manner and a high dose of curcumin,
>50 uM, blocked it completely. These results suggested that
constitutive expression of a high concentration of CXCL-8
played a major biological role and an optimal dose of CXCL-8
could affect cell growth effectively in Hs-700T cells.

Discussion

In our previous study, CXCL-8 was produced constitutively
and commonly in a variety of human carcinoma cells derived
from lung, stomach, pancreas, esophagus, colon, gall bladder,
breast, and melanoma (5). High amounts of CXCL-8 expression
have been reported in various human malignancies, including
leukocytes, melanocytes, mesothelium, brain, ovary, prostate,
kidney, neck, breast, colon, and stomach (11). Thus, CXCL-8
was produced at high incidence and amount in most carcinoma
cells. All examined pancreatic carcinoma cell lines produced
CXCL-8 (12). This is consistent with our results.

Clinically, pancreatic cancer is a disease with the worst
prognosis, which can metastasize to the liver and invade
surrounding tissues easily. Serum concentration of IL-6,
CXCL-8, IL-10, and IL-1RA were elevated in patients who
had pancreatic cancer in comparison with healthy individuals.
Serum concentration of CXCL-8 correlated with weight
loss, but not with survival (13). Thus, CXCL-8 could be an
important molecule in pancreatic cancer bearing patients.
Metabolic imbalance between vascularization and tumor
formation in aggressive pancreatic cancer could lead to low
blood flow and low extracellular pH in tumor microenviron-
ment. Hypoxia and acidosis enhanced expression of CXCL-8
by activation of NF-xB and AP-1 in pancreatic cancer cells
(14).

In the present study, we demonstrated that inflammatory
cytokines, especially TNF-a and LIF, induced CXCL-8
expression in pancreatic carcinoma cells. Act D did not affect
post-transcriptionally the half life of CXCL-8 mRNA after
the stimulation of TNF-a. TNF-a upregulated CXCL-8
drastically in de novo pathway. In contrast, IL-18 induces
stabilization of CXCL-8 mRNA in malignant breast cancer
cells via the 3' untranslated region: involvement of divergent
RNA-binding factors HuR, KSRP and TIAR (15). Nitric
oxide also upregulated the expression of CXCL-8 by an
increase in CXCL-8 gene transcription and mRNA stability

"in pancreatic cancer (16). LIF induced CXCL-8 mRNA in a
dose- and time-dependent manner in Hs-700T cells. LIF
expression correlated with CXCL-8 expression in psoriasis,
but not skin cancers (17,18).

Previous studies have revealed that CXCL-8 contributes
to cancer progression, such as proliferation, metastasis, and
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angiogenesis (19) in a variety of tumor microenvironments.
We also demonstrated that neutralizing anti-CXCL-8 IgG
suppressed cell growth in Hs-700T which produced a high
amount of CXCL-8 in the culture supernatants. This growth
promoting activity is consistent with other pancreatic carci-
noma cells, including SUIT-2 and Capan-1 cells. CXCL-8,
produced by carcinoma cells, acts as an autocrine growth
factor in pancreatic carcinoma cells. However, addition of
CXCL-8 failed to promote cell growth. An optimal dose of
CXCL-8 has a growth activity function, but excess doses do
not. Receptors of CXCL-8, CXCR-1 and CXCR-2, might be
insufficient to express and supply after receptor internalization
in Hs-700T cells. Although TNF-a induced CXCL-8 mRNA
expression strongly in de novo synthesis pathway, TNF-a
suppressed cell proliferation in any tested dose, 0.1-100 ng/m},
in Hs-700T cells. Apoptotic activity of TNF-a is dominant
via receptor containing death domain, particularly 55-kDa
TNF receptor (TNFRI), despite the strong inducer of CXCL-8.
Our previous reports demonstrated that exogenous LIF
promoted cell growth by the mechanisms upregulating endo-
genous LIF and LIFR expression in Hs-700T cells which
produced a small amount of LIF (8,20). In this study, LIF
induced expression of CXCL-8 transcript at levels that were
limited in comparison with TNF-a. Thus, our data suggest
that CXCL-8 functions as an autocrine growth factor which
facilitates pancreatic cancer progression, and its expression is
influenced by inflammatory cytokines, such as TNF-a and
LIF. CXCL-8 also could act as a paracrine and endocrine
factor, and affect the interaction with stromal tissues, including
fibroblasts, endothelial cells, and infiltrative leukocytes in
pancreatic tumor microenvironments.

Curcumin is a food element which has inhibitory activity
of NF-xB. We examined previously that curcumin-down-
regulated NF-xB activation correlated with CXCL-8 production
and suppressed cell growth significantly in pancreatic
carcinoma cell lines, SUIT-2 (7). NF-xB and IxB kinase are
constitutively active in human pancreatic cells, and their
downregulation by curcumin is associated with the suppression
of proliferation and the induction of apoptosis (21). In the
present study, curcumin also suppressed cell proliferation in
Hs-700T cells. It could be beneficial to use an NF-«B inhibitor,
such as curcumin, to treat pancreatic cancer with high
CXCL-8 production.

These results suggest that CXCL-8 could be a molecular
target to develop new strategies for clinical anti-cancer therapy
and diagnosis in pancreatic cancer.
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Hypothesis: Although several staging systems for
colorectal liver metastasis have been proposed, simple
and generally accepted staging systems are not avail-
able for this disease. We hypothesized that more
detailed analysis of primary colorectal cancer may
make it possible to develop a simple staging system
and that its stratification ability may be demonstrated
by validation against data from unrelated patients.

Design: Retrospective analysis of prospectively docu-
mented data, development of a stage, and validation
against an unrelated cohort.

Setting: Four tertiary referral centers.

Patients: Twenty-two clinicopathologic factors were ex-
amined in 369 consecutive patients who underwent cura-
tive resection for liver metastasis from colorectal cancer
(original cohort). Using the independent prognostic fac-
tors, a simplified staging system was developed and was
validated by data from 229 unrelated patients (valida-
tion cohort).

Main Outcome Measures: Kaplan-Meier survival curve
analyses between different prognostic groups in the cohorts.

Resvl#s: Multivariate analysis revealed several indepen-
dent prognostic variables, including hepatic lymph node
metastasis (relative risk 4.39), 4 or more colorectal lymph
node metastases (RR 1.50), carcinoembryonic antigen level
of 50 ng/mL or higher (RR 1.29), and multiple hepatic me-
tastases (RR 1.27). Patients with hepatic lymph node me-
tastasis were assigned to stage 4, and the remaining pa-
tients were divided according to number of factors: none,
stage 1; 1, stage 2; 2 or 3, stage 3. In the original cohort,
median survival in stages 1, 2, 3, and 4 was 7.2, 3.5, 2.0,
and 1.3 years, respectively. In the validation cohort, these
values were 9.6, 4.1, 2.8, and 1.6 years, respectively.

Conclusions: The proposed simplified staging system
was easy to use, was highly predictive of patient out-
come, and permitted categorization of patients into treat-
ment groups. Although we validated this staging sys-
tem, further validation and improvements are needed.
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IVER METASTASES FROM CO-
lorectal cancer are classi-
fied by Union Internation-
ale Contre le Cancer (UICC)
staging criteria as stage IV,
although the prognosis of patients with this
disease varies widely.! Hepatic resection
for colorectal liver metastasis remains the
only treatment that has curative poten-
tial. Many controversies exist about the
treatment of liver metastasis, such as the
effectiveness of adjuvant chemotherapy,
the timing of resection for synchronous
metastasis, and the operative indications
for multiple metastasis or extrahepatic me-

tastasis. As a result, there is an increasing

need for a simple staging system that can
reflect the prognosis and permit the strati-
fication of patients for clinical trials.
Several staging systems for colorectal
liver metastasis have been proposed.

Gennari,>* Fortner,® and Gayowski’ and
their colleagues proposed staging systems
based on the size, number, and intrahe-
patic and extrahepatic extent of metastatic
nodules. Cady and Stone® developed a prog-
nostic scoring system that weighs indi-
vidual factors. Nordlinger,® Fong,'?
Iwatsuki,!! and Schind]!? and their col-
leagues developed staging systems by ana-
lyzing prognostic factors, but 5 to 7 factors
had to be explored to determine the stage.

See Invited Critique
at end of the article

What are the requirements of a good
staging system? First, it should be simple
and easy to use. Second, it must provide
reliable information on the prognosis of
the disease. Third, it should permit the cat-
egorization of patients into various treat-
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ment groups. Based on these criteria, well-defined and
generally accepted staging systems are not available for
this disease. The primary goals of this study were to de-
velop a staging system that will fulfill these require-
ments and to validate its prognostic reliability in an un-
related group of patients.

— GO

Between January 1, 1980, and December 31, 2002, 388 pa-
tients with hepatic metastasis from colorectal cancer under-
went liver resection at the Department of Surgery, National Can-
cer Center (1980-1990), the First Department of Surgery,
Shinshu University (1990-1994), and the Department of Hepato-
Biliary-Pancreatic Surgery, University of Tokyo (1994-2002).
The last author (M.M.) participated in all of the operations. Nine-
teen of these resections were not radical because of gross re-
sidual disease within or outside the liver, and the remaining
369 patients were included in the original cohort.

Selection criteria for surgery were the possibility of com-
plete removal of all hepatic and extrahepatic lesions and the
possibility of preserving at least 40% of the normal hepatic pa-
renchyma. The total number of hepatic metastases, their uni-
lateral or bilateral presentation, and the existence of extrahe-
patic metastasis were not considered exclusion criteria. No
ablative strategies were used along with resection in any of these
patients. The treatment policy for synchronous metastasis was
simultaneous resection regardless of the number and extent of
liver metastasis and the location of the primary cancer.

In all cases, the preoperative diagnostic workup included
ultrasonography and plain and contrast-enhanced computed
tomography to stage liver involvement and chest radiography,
chest computed tomography, barium enema, and colonoscopy
to assess the presence or absence of extrahepatic disease.
Patients with advanced disease underwent bone scintigraphy
or positron emission tomography. Intraoperative bimanual
liver palpation and intraoperative ultrasonography (10US)
were also performed in all patients, and all of the resections
were 10US-guided procedures. The mean duration of
follow-up in the original cohort was 4.11 years (range, 1.1
months to 18.8 years).

The validation cohort consisted of 229 patients with colo-
rectal liver metastases who underwent curative hepatic resec-
tions by colleagues of the last author (M.M.): 77 at the Na-
tional Cancer Center between January 1, 1991, and December
31, 1997 (M.M. moved to Shinshu University in 1990), and 152
at Cancer Institute Hospital between January 1, 1997, and De-
cember 31, 2003. The selection criteria for hepatectomy and
the preoperative and intraoperative diagnostic workup in these
groups were comparable with those of the original cohort. The
mean duration of follow-up in the validation cohort was 3.95
years (range, 2.5 months to 13.5 years). This retrospective study
was approved by the institutional review boards in the respec-
tive institutions.

Survival time was calculated from the date of hepatic resec-
tion to death or censored date. Patients who died of colorectal
cancer were treated as event observations, and patients who died
of unrelated causes and were alive at the last follow-up were
treated as censored observations. Survival curves were con-
structed using the Kaplan-Meier product-limit method and com-
pared using the log-rank test. Significant prognostic factors in
a univariate analysis were entered into a Cox proportional haz-
ards model using stepwise selection to identify independent pre-
dictors of death. Statistical significance was defined as P<C.05.
A software program (SAS version 8; SAS Institute Inc, Cary, NC)
was used for the statistical analyses.

— S

The 3-, 5-, and 10-year survival of the original cohort were
52%, 38%, and 26%, respectively. There was no in-
hospital death. We analyzed the effects of 15 clinico-
pathologic factors at hepatic resection (Table 1) and 7
at primary colorectal resection (Table 2) on survival af-
ter curative hepatic resection. Multiple liver metastases
(P<.001), diameter of 5 cm or greater (P=.02), interval
between primary cancer and liver resection less than 6
months (P=.04), carcinoembryonic antigen (CEA) level
of 50 ng/ml or greater (P<<.001), a resection margin less
than 5 mm (P=.006), hepatic lymph node metastasis
(P<.001), extrahepatic metastasis (P=.03), and extra-
hepatic invasion (P=.03) showed significant prognostic
value for survival in a univariate analysis. Unilateral dis-
tribution of metastases was a favorable factor (P<.001),
and 148 of 222 patients with unilateral metastasis had a
solitary metastasis. Excluding patients with a single me-
tastasis, distribution was not significant in patients with
multiple metastases (P=.64) (Table 1). Survival curves
stratified by the number of liver metastases are shown
in Figure 1A. The prognosis according to the serum CEA
level at hepatic resection is shown in Figure 1B. In this
article, patients were divided into 2 groups according to
the serum CEA level at hepatic resection (=50 and <50
ng/mL) because the x” statistic by the log-rank test reached
a maximum (x?=21.8) when the boundary was set at 50
ng/mL.

Invasion to the serosa or another organ of primary co-
lorectal cancer (pT4 by UICC classification) (P=.02),
number of colorectal lymph node metastases of 4 or more
(pN2 by UICC classification) (P<<.001), and lymphatic
duct involvement by the primary cancer (P=.03) also pre-
dicted an adverse outcome (Table 2). Nodal status of the
primary cancer and long-term survival are shown in
Figure 1C.

MULTIVARIATE ANALYSIS OF OUTCOME

The univariate prognostic factors were entered into a mul-
tivariate model to identify independent predictors of long-
term survival. Hepatic lymph node metastases had the
greatest impact on survival (relative risk, 4.39), fol-
lowed by 4 or more colorectal lymph node metastases
(pN2) (relative risk, 1.50), CEA level of 50 ng/mL or
greater (relative risk, 1.29), and multiple metastases (rela-
tive risk, 1.27) (Table 3).

METHOD FOR DETERMINING THE STAGE

Regional lymph node metastasis of the liver was clearly
the most influential factor and was associated with a 4.39-
fold increase in the likelihood of death if it was positive.
Thus, these patients were assigned to stage 4. The other
3 independent prognostic factors (number of lymph node
metastases around the primary cancer =4, CEA level =50
ng/mL, and multiple liver metastases) cannot be consid-
ered complete contraindications to resection because each
alone was still associated with a sufficiently favorable out-
come to justify an aggressive surgical procedure, and the

(REPRINTED) ARCH SURG/VOL 142, MAR 2007

270

WWW.ARCHSURG.COM

©2007 American Medical Association. All rights reserved.



Table 1. Factors at Hepatic Resection
" Variable. Patients, No.  Survival, Median (95%Cl),y = 5-y Survival, % P Value*
Sex . . S : o : ' 73
©F o : R - ) ) 138 - +3.3(2.7-4.8) 41 ’

..M - ) L 231 3.1(25-3.7) 37

Age, y : . : : .80
- <60 174. 13.0(2.4-4.0) 38
. =60- 195 - 3.3(2.8-4.0) - 39 :

* No. of liver metastases ’ ‘ . <.001
Single 156 4.8(3.3-6.9) 49
Multiple 213 2.4(2.1-2.9) 31

_ Diameter, cm o o - .02.
<5 245 - 3.5 (2.8-4.6) 42
=5 122 2.7(2.0-3.2) 32 C

Distribution ’ <.001
Unilateral 222 3.6(3.1-5.2) 44 :
Bilateral 41 2.3(2.1-2.8) 27 :

‘Distribution of multiple metastases : ) . 64

- Unilateral - 74 . - 2.7(1.9-3.5) . 34 -

- . Bilateral 137 ©23(21-28) - 28

Presentation of liver metastasis - - ~.19
- Synchronoust 187 1 28(23-34) 35

- Metachronous 182 . 3.5(2.8-4.8). 41..

Interval between pnmary cancer and liver resection, mo ‘ IR ’ ' S 04

- =6 . . w183 - 3.5 (3.0-4.8) <42 )
<6 .- 186 2.5(2.3-3.3) 35 .

Carcinoembryonic antigen at hepatectomy, ng/mL . : <.001
<50 234 4.0(3.3-5.3) - 44 - '
=50 124 "21(1.7-2.8) 26

Resection margm mm : ‘ . ’ .006
<5 : - - 230 . 2.7 (2.3-3.5) © 34

=5 95 43(3.2-5.8) 47 _

. 'Vascular invasion L "70
*'Negative - 332 3.1(2.7-3.6) 38

> 5. Positive .30 3.3(1.9-54) - )

'{Blhary invasion .’ : ' » T T 496
Negative © 350 3.1(2.8-35) 38 :
Positive 19 4.2 (1.9-NC1) - 39 )

Hepatlc lymph node metastasns ‘ ‘ o o <.001
Negative ‘ _ . 365 . 32(2.8-36) 39 '
-Positive -: . EEE o "4 :1.3(0.4:NCf) NC :

Extrahepatic metastasis : o I .03
Negative - .- 333 3.2(2.8-3.8) .39

. Positive .29 2.6 (1.4-3.1) 23

) Extrahepatlc |nva3|on : : - .03
Negauve ) 350 3.1(2.8-3.8) 39 .
"Positive - 12 2.7(1.2-3.3) 17 -

Abbreviations: Cl, confidence interval; NC, not calculated.
*By the log-rank test.

tMetastasis that had been diagnosed before the primary colorectal surgery or found at primary surgery.

tindicates that the survival curve remains above a survival rate of 50%.

increase in the likelihood of death ranged from 1.27 to
1.50. Therefore, these criteria were used to determine
whether some combination could be used to dictate the
choice of clinical options. Patients who had none of these
3 factors were assigned to stage 1, those with 1 factor to
stage 2, and those with 2 or 3 factors to stage 3 (Figure 2).
Survival curves for the original cohort, classified accord-
ing to this simplified staging system, are shown in
Figure 3. This simple staging was found to be highly
predictive of the long-term outcome (P<.001) (Figure 3),
and the differences in survival between the stages were
significant (Table 4). Next, the original cohort was di-
vided into 2 groups—synchronous vs metachronous me-

tastasis—and the prognostic value of this simplified stag-
ing system was evaluated in each group. In the 187 patients
with synchronous metastasis, 5-year survival for stages
1,2, 3, and 4 were 65%, 38%, 18%, and 0%, respectively
(P<.001). In the 182 patients with metachronous me-
tastasis, 5-year survival for stages 1, 2, 3, and 4 were 54%,
48%, 30%, and 0%, respectively (P<.001).

VALIDATION OF THE SIMPLIFIED
STAGING SYSTEM

The 3-, 5-, and 10-year survival of the validation cohort
were 61%, 44%, and 35%, respectively. Of the 229 pa-
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" Table 2. Factors at Resection of Colorectal Cancer

- Patients, Nq.

Others .. .- o

Variable . Survival, Median (95% Cl), y . 5-y Survival, % P Value*
_ Diameter of primary lesion, cm .33
. <5 : 120 35(28-52) - ' 41
=5 148 3.0(24-4.2) : 37
Location of colorectal cancer - o - At
Colon 214 3.1(28-4.2) 40
Rectum - . - 152 3.1(24-4.0) 35
Depth of wall invasiont o _ .02
“pT1-pT3 T 181 3.7 (3.1-5.0) 42
pT4 . 159 2.8(2.2-3.3) 35
No. of LN metastases around primary cancert. o o . <.001
"~ 0-3(pNO-pNT) - . o o 230 4.2 (3.3-5.8) 47 . :
=4(pN2), . T <. 87 1.8 (1.3-2.1) 19
* Lymphatic duct invasion . . S ' . .03
"~ Negative S 101 3.9(3.1-7.0) 44
.. Positive e o 2.8(23-3.3) . )
. .Vascular invasiori of primary cancer S oo ' .53
- Negative’ . ’ 132 © 32(26-3.9) - 38 :
. Positive . < - 179" 3.1(25-4.0) 37 :
- Differentiation of primary adenocarcinoma EU B ' I 88
Well-differentiated g ;o 156 . 337400 . 37
Moderately/poorly differentiated 129 B 27(23-39) . . N 37
s B A "3.0(0.6-NC) ... - 19 .

Abbreviations: Cl, confidence interval; LN, lymph node; NC, not calculated (indicates that the survival curve remains above a survival rate of 50%).

*By the log-rank test.
1By TNM stage of the Union Internationale Contre le Cancer,

tients, 64 were assigned to stage 1, 93 to stage 2, 67 to
stage 3, and 5 to stage 4. Median survival time and 5- and
10-year survival rates for each stage are summarized in
Table 4. The assigned stage was highly predictive of pa-
tient outcome (P<<.001) (Figure 4).

In the 1980s, 2 staging systems were developed by Gen-
nari et al’> and Fortner et al.® These systems were based
on the degree and extent of metastatic tumors and not
on factors regarding primary colorectal cancer.>$ Cady
and Stone® proposed a scoring index based on 4 risk fac-
tors: surgical margin, CEA level, disease-free interval, and
number of liver nodules. This staging also did not in-
clude factors regarding colorectal cancer, although the
researchers pointed out that patients with poor differ-
entiation and greater than 5 lymph node metastases in
the primary cancer should have a poor prognosis, which
would be governed by biological factors.’ Gayowski et
al’ proposed a modified TNM staging system based on
several factors: unilateral or bilateral, single or multiple,
2 cm or smaller or larger than 2 cm, and vascular or duc-
tal invasion to a major branch. In this system, all metas-
tases with bilateral distribution are considered modified
T4. Generally, most patients with a single tumor have a
unilateral distribution, and those with multiple nodules
have a bilateral distribution. The worse outcome asso-
ciated with multiple nodules affects the outcome with a
bilateral distribution. As we have shown previously,'* the
prognosis of patients with multiple tumors did not dif-
fer according to the distribution in the liver. In a multi-
center study by Nordlinger et al,° 1568 patients who had

metastases confined to the liver and who received cura-
tive resection were analyzed, and 7 factors were found
to be significant in a multivariate analysis: age 60 years
or older, size 5 cm or larger, pT4 by UICC classification,
PN1 or greater by UICC classification, disease-free in-
terval of less than 2 years, 4 or more nodules, and mar-
gins less than 1 cm. Three stages were established based
on the number of factors present: 0 to 2, 3 to 4,and 5 to
7. A similar method was used by Fong et al'® and Iwat-
suki et al'! in 1999, but cases with a positive margin, ex-
trahepatic disease, or hepatic lymph node metastasis were
either excluded or assigned to the highest stage. Pa-
tients without these factors were divided according to the
number of the following factors: node-positive primary
cancer, disease-free interval of less than 12 months, more
than 1 hepatic tumor, largest hepatic tumor greater than
5 cm, and CEA level greater than 200 ng/mL by Fong et
al'® and 3 or more tumors, tumor size greater than 8 cm,
disease-free interval of 30 months or less, and bilateral
tumor by Iwatsuki et al."! These staging systems were
based on a multivariate survival analysis and reflected the
prognosis but used 7 factors. Thus, all of the factors must
be explored to determine the stage, which may make it
difficult to use these staging systems.

Itis essential for a good staging system to provide re-
liable information on the prognosis of the disease. To show
that a staging system actually reflects the prognosis, it
must be verified by validation against data from unre-
lated patients. The staging system proposed by Fong et
al'® was validated by Mann et al'® in Australia. Schindl
etal'? developed a prognostic scoring system using Dukes
stage, number of metastases, CFA level, alkaline phos-
phatase level, and albumin level and validated its prog-
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Figure 1. Kaplan-Meier survival analyses for patients in the original cohort.

A, Stratified by the number of liver metastases. Median survival in 156 patients
with a single metastasis was 4.8 years (35% confidence interval [Cl], 3.3-6.9
years), in 116 patients with 2 to 3 nodules was 2.5 years (95% Cl, 2.1-3.8
years), and in 97 patients with 4 or more deposits was 2.3 years (35% Cl,
1.9-2.8 years) (1 vs 2-3, P=.003; 1 vs =4, P<.001; and 2-3 vs =4, P=.33).

B, Stratified by the serum level of carcinoembryonic antigen at hepatectomy.
Median survival in 234 patients with a level of less than 50 ng/mL was 4.0 years
(95% Cl, 3.3-5.3 years) and in 124 patients with a level of 50 ng/mL or more
was 2.1 years (95% Cl, 1.7-2.8 years) (P<.001). C, Stratified by the number of
colorectal lymph node metastases. Median survival in 114 patients without
lymph node involvement (pNO by Union Internationale Contre le Cancer
classification) was 5.2 years (95% Cl, 3.5-7.2 years), in 116 patients with 1 to 3
lymph node metastases (pN1) was 3.7 years (95% Cl, 2.8-5.8 years), and in 87
patients with 4 or more lymph node metastases (pN2) was 1.8 years (95% CI,
1.3-2.1 years) (0 vs 1-3, P=.29; and 1-3 vs =4, P<.001).

nostic reliability in an unrelated group of patients. The
robustness of the present staging system was tested by

' Tahle 3 Mulllvarlate Analysns Usmg lhe COX Propnmonal
" Hazards Model : S el )

" Relative Risk

Variable P Value -

<. (98%C1)

. Hepatlc LN metastams R 005
Negative . "1 (Reference), :
Positive’ .44(1.881) -

‘No of LN metastases around BT ~ <001
primary cancer- ST oo

0-3 - . 1(Reference) -
=4 . 1.5(1.3-1.8) -
" Carcinoembryonic antigen at . ~.002
hepatectomy. ng/mL . .
<50 - " 1(Reference)
- =50 1.3 (1.1-1.5) o
No. of liver metastases ‘ . o .005
1 . . -1 (Reference)
=2 1.3 (1.1-1.5)

_Abbreviations: C1, confidence interval; LN, lymph node.

validation against data from patients who were not in-
cluded in the original cohort. The survival rates of each
stage in the validation cohort approximate those in the
original cohort, and the P values for stage 1 vs 2 and stage
3 vs 4 are significant. Regarding stage 2 vs 3, it seems
reasonable to predict that it will be significant with in-
creasing numbers of patients because the median sur-
vival time of each stage is monotonically decreasing with
advancing the stage. Consequently, the present staging
system may provide reliable information on the progno-
sis of patients with colorectal liver metastasis.

Extrahepatic extension, such as extrahepatic metas-
tasis, extrahepatic invasion, local recurrence at the pri-
mary cancer, and hepatic node metastases, has been ana-
lyzed as a whole in most previous studies. Patients with
these factors have long been considered to be contrain-
dicated for hepatectomy because of their dismal out-
come. However, lung metastases, intraperitoneal dis-
semination, and local recurrence have gradually gained
acceptance for resection in some institutions because a
favorable prognosis can be anticipated if the tumors are
removed completely.'®*

The incidence of macroscopic involvement of he-
patic lymph nodes in patients who underwent hepatic
resection reported in the literature is 3% to 6%, and 4 of
7 studies>"!118202! reported 5-year survival of 0%. In con-
trast, Elias et al'® showed 5-year survival of 27% in such
patients after hepatectomy and lymph node dissection.
The rate of microscopic involvement of hepatic lymph
nodes has been reported to be 11% to 28%.2%2% Al-
though hepatectomy and lymph node dissection were per-
formed in these patients, 5-year survival was reportedly
0% to 5%.%**>% Rodgers and McCall* reviewed 15 stud-
ies that gave survival data on node-positive patients: 145
patients received hepatic resection, and only 5 (3.4%) sur-
vived 5 years. Based on these findings together with the
present results, patients with hepatic lymph node me-
tastasis were assigned to stage 4 in the simplified stag-
ing system. We should not operate on patients with he-
patic lymph node metastasis.
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Although many researchers?®1** have noted that pri-
mary colorectal cancer affects the prognosis of patients
who received hepatectomy for liver metastases,
some’-1320243540 have reported contrary results. This dis-
crepancy may be due to rates of synchronous and meta-
chronous metastasis in each study. As our group*! pre-
viously noted, the significant prognostic factors in patients
with synchronous metastasis are different from those in
patients with metachronous metastasis. In patients with
synchronous metastasis, independent prognostic fac-
tors were 4 or more lymph node metastases around the

Hepatic Node Metastasis

Negative Positive

Regional Lymph Node Metastases

of Colorectal Cancer >4
CEA Level 250 ng/mL at Hepatic Resection
Multiple Liver Metastases

None of the Factors 1 Factor 2 or 3 Factors

Stage 1 Stage 2 Stage 3 Stage 4

Figure 2. Algorithm used to determine the stage in this simplified staging
system. CEA indicates carcinoembryonic antigen.
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Figure 3. Kaplan-Meier survival analysis for patients in the original cohort
stratified according to the simplified staging system.

colorectal cancer (P<.001) and multiple liver metasta-
ses (P=.003), whereas in patients with metachronous me-
tastasis, CEA level (P=.002), 4 or more lymph node me-
tastases around the colorectal cancer (P=.03), and hepatic
lymph node metastasis (P=.03) were independently sig-
nificant.* Factors associated with colorectal cancer play
a more important role in synchronous metastasis. In a
study in which most patients have metachronous me-
tastasis, the stage of the primary cancer may not play an
important role in the prognosis.

In most studies, the factors of colorectal cancer were
represented in terms of Dukes stage. We analyzed it more
precisely: patients without mesenteric lymph node me-
tastasis and those with 1 to 3 lymph node metastases had
a similar prognosis, and those with 4 or more metasta-
ses showed a significantly worse outcome (Figure 1C).
Therelore, it is more reasonable to separate patients ac-
cording to the number of lymph node metastases (=4
vs 0-3) than Dukes stage (A-Bvs C). Moreover, the depth
of the wall invasion by colorectal cancer is known to affect
the prognosis. A tumor without regional lymph node in-
vasion is classified as Dukes stage A if it invades the mus-
cularis propria or less and as Dukes stage B if it infil-
trates the subserosa or more. According to the present
analysis on the depth of invasion and prognosis, tumors
that perforated the visceral peritoneum or directly in-
vaded other organs or structures (T4 by UICC classifi-
cation) had a significantly poor outcome after hepatic
resection, and no difference in survival was observed
between tumors that invaded the submucosa (T1) or
muscularis propria (T2) and tumors that invaded
through the muscularis propria into the subserosa or
into nonperitonealized pericolic or perirectal tissues
(T3). A similar result was reported by Kato et al.*?
Therefore, it may be more reasonable to separate pa-
tients with liver metastasis into T1 to T3 and T4 than
Dukes stages A and B-C.

Many studies have demonstrated that the preopera-
tive CEA level has prognostic value. However, little is
known about the biological function of CEA, which might
act as an adhesion molecule when expressed on the cell
surface or as a secreted immune modulator.”* It has also
been noted that the tumor burden may not correlate with
CEA levels,”* that the prognostic value of a high se-
rum CEA level was comparable with that of the pres-
ence of intraperitoneal tumor cells, that CEA en-

Table a. Kéblah-Méiér Analysis in the Original and '\I‘alitfia"t'ibr_i COhnvrts'

Original Cohort .

" Validation Cohort

3vs4 - P=.01

T T - ] L
R . Survival, ) - Survival, . :
o707 Patients, Median - 5y ) 10-y Patients, Median’ 5-y 10y
Stage .: . _No. . . (95%CI),y - Survival, % - - Survival, % No.. - - (95%Cl),y - Survival, % Survival, %
1 78 7.2 (3.9-NC) 56 - . 46 64 9.6 (4.4-NC) 61 50
2 129 3.5(2.7-56.3) 42 93 4.1(2.8-6.3) 43 33
3 11 2.0 (1.6-2.3) 22 67 28(2.0-38 33 24
4 -4 1.3 (0.4-NC) . S0 5 1.6 (0.2-NC) 0 ‘ 0
1vs2 P=.004 : o - P=.03 .
2vs3 ' P<.001 P=.14
P=.003

Abbreviations: G, confidence interval; NC, not calculated (indicates that the survival curve remains above a survival rate of 50%).
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Figure 4. Kaplan-Meier survival analysis for patients in the validation cohort
stratified according to the simplified staging system.

hances liver metastasis by functioning as an attachment
factor,” and that an increased posthepatectomy CEA level
was independently associated with extrahepatic recur-
rence.” Based on these results, the precise function of
CEA is not clear: a high serum CEA level may reflect a
highly malignant nature of cancer cells, which induces
peritoneal dissemination, liver metastasis, and extrahe-
patic recurrence. In the present series, a CEA level of 50
ng/mL or more was an independent prognostic factor that
contributed to the construction of the staging in asso-
ciation with the number of mesenteric lymph node me-
tastases and multiple liver metastases.

Solitary metastasis was a favorable prognostic factor
in a multivariate analysis. The prognosis of 97 patients
with 4 or more nodules was similar to that of 116 pa-
tients with 2 to 3 deposits (Figure 1A). This result may
be a consequence of the complete removal of hepatic and
extrahepatic metastases and treatment of postresec-
tional recurrence. In the present series, all of the pa-
tients underwent careful examination by means of IOUS
and 10US-guided hepatectomy. Makuuchi et al” first in-
troduced 10US in 1979. Twenty-five years later, mod-
ern diagnostic instruments still cannot replace IOUS re-
garding its sensitivity in depicting liver nodules.** Choti
et al® demonstrated that the patient’s prognosis after he-
patic resection was significantly improved with the use
of 10US. In our experience, approximately 1.5-fold as
many nodules are visualized by means of IOUS in pa-
tients with 4 or more metastases, and, thus, one third of
the nodules cannot be detected even with extracorpo-
real diagnostic modalities. If these nodules are left in place,
the prognosis of patients with 4 or more metastases will
be dramatically worsened. These occult nodules in 4 or
more metastases may have played an important role in
the poor prognosis. Characteristically, liver metastasis,
especially 4 or more metastases, can easily lead to recur-
rent nodules in the remnant liver. The treatment of such
recurrences can strongly affect the prognosis. Our choice
of treatment for recurrent metastasis is repeated resec-
tion, performed immediately and without neoadjuvant
chemotherapy. With this treatment, the prognosis of pa-

tients with multiple metastases has been remarkably im-
proved.>*?¢

This simplified staging system is easy to use, is highly
predictive of patient outcome and survival, and permits
the categorization of patients into various treatment
groups. Patients with hepatic lymph node metastasis, who
are categorized to stage 4 using the simplified staging sys-
tem, should be excluded from hepatic resection. Pa-
tients in stage 1, 2, or 3 should receive hepatic resec-
tion, but it may be appropriate to apply adjuvant
chemotherapy to patients with stage 3 disease. Our sim-
plified staging system was validated by data from unre-
lated patients. However, further verification and refine-
ment by other medical centers are necessary.
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