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Fig. 2. Effects of ZOL, SMS, and SOM as single agents and in combination on subcutaneous inoculated NE-10 allografts. Six-week-old
male BALB/c nude mice were castrated. After one week, 50 mg tissue fragments from the NE- 10 allograft model were subcutaneously inocu-
lated into the backs of mice. For 2 weeks, NE-10 tumors were allowed to grow to approximately more than 100 mm? before randomization
into six treatment groups: control, ZOL, SMS, SOM, ZOL plus SMS, and ZOL plus SOM (n = I3/group). NE-10 allografts in each group
were treated for 6 weeks. A: Growth of NE-10 tumors in mice treated with ZOL, ZOL plus SMS, and ZOL plus SOM was significantly slowed
compared to the saline control (P = 0.003, P < 0.00l,and P = 0.001, respectively). Data are means; bars & SE; *, significantly different from
control group (P < 0.05; repeated-measures ANOVA). B: Effects of ZOL, SMS and SOM as single agents and in combination on apoptosis and
cell cycle progression. Immunohistochemical staining was done by usingTUNEL and Kié7 staining (B). Apoptoic effects were measured by the
number of TUNEL-positive cells per 1,000 cells, apoptoic index (Al). The Al was significantly increased in tumors from mice treated with
ZOL, ZOL plus SMS, or ZOL plus SOM compared to the control (means: 9.2,11.6, and 12.7, respectively, vs. 2.4) (B,). Cell cycle progression was
measured by the number of Kié7-positive cells per 1,000 cells (KI: Ki- 67 labeling index). The Kl was significantly decreased in tumors from mice
treated with ZOL, ZOL plus SMS, or ZOL plus SOM compared to the control (means: 5.3, 8.3, and 4.2, respectively, vs. 159) (Bs). Data
are means; bars + SD; ¥, significantly different from control group (P < 0.05; one-way ANOVA). C: Effects of ZOL, SMS and SOM as single
agents and in combination on liver metastases. The weights of livers having metastatic nodules in ZOL, ZOL plus SMS, or ZOL plus SOM
were significantly lower than for the control (C,). The numbers of metastatic nodules in these groups were not significantly different from the
control (C,). Dataare means; bars + SD. ™, Significantly different from control group (P < 0.05; one-way ANOVA),

weights of livers having metastatic nodules in ZOL,
ZOL plus SMS, or ZOL plus SOM were significantly
lower than for the control (Fig. 2C;), but the numbers
of metastatic nodules in these groups were not signifi-
cantly different from the control (Fig. 2C5).

Effects of ZOL, SMS and SOM as Single Agents and in
Combination on Growth of NE-CS Cells InVitro

We investigated the inhibitory effects of ZOL, SMS,
and SOM, alone and in combination on proliferation
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of NE-CS cells. Cell viability was measured by
the WST-8 assay when NE-CS cells were treated with
various concentrations of ZOL, SMS and SOM (0.1-
100 pmol/L) in the treatment groups for 24, 48 or
72 hr. For combinations, the same concentrations of
ZOL and SMS or SOM were used. The IC50 for ZOL
at 72 hr was 15.7 pmol/L, whereas those for ZOL
plus SMS, and ZOL plus SOM were 14.1, and
13.5 pmol/L, respectively (Fig. 3A). The combination
of ZOL and somatostatin analogs did not demonstrate
synergistic effects (CI: 0.57-1.00). ZOL induced time-

and dose-dependent proliferative inhibition of NE-CS
cells (Fig. 3B). These effects of ZOL were reversed by
20 wmol/L of FOH (Fig. 3C).

ZOL Inhibits Cell Cycle Activity and Induces
Apoptosis of NE-CS Cells

TUNEL-positive cells, indicated in red, increased
with increased concentrations of ZOL. On the other
hand, Ki-67-positive cells, colored green, decreased
(Fig. 4A). We also analyzed the Al and KI with ZOL
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Fig. 3. Effectsof ZOL, SMS and SOM as single agents and in combination on growth of NE-CS cells. Cell viability was measured by WST-8
assay when NE-CS cells were treated with various concentrations of ZOL, SMS and SOM (0.1-100 mol/L) for 24,48 or 72 hr.For combination,
the same concentrations of ZOL and SMS or SOM were used. Cell viability was also measured when NE-CS cells were treated for 48 hr with
the indicated concentrations (from 0.1 to 100 mol/L) of ZOL plus 1, 5, and 20 wmol/L of farnesyl-pyrophosphate ammonium salt (FOH)
(n = 5/group). A: Cell viability of NE-CS cells at 72 hr in each treatment group. The IC50 of ZOL at 72 hr for NE-CS cells was 15.7 pwmol/L for
ZOL, whereasit was I4.] pmol/L for ZOL plus SMS, and 13.5 wmol/L for ZOL plus SOM.The combination of ZOL and somatostatin analogs did
not create synergistic effects, B: Cell viability of NE-CS cells in time- and dose-dependent manners. ZOL induced time- and dose-dependent
proliferative inhibition of NE-CS cells. C: Cell viability of NE-CS cells at 48 hr in ZOL plus FOH. ZOL-induced inhibition was reversed by
20 pmol/L of FOH.
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concentrations of 0, 10, 50, and 100 pmol/L. The AI
was significantly increased in ZOL 50, and 100 pmol/
L compared to the control (means: 55.7 and 136.5, re-
spectively, vs. 13.8) (Fig. 4B). The KI was significantly
decreased in ZOL 10, 50, and 100 wmol/L compared
to the control (means: 37.6, 22.8, and 1.3, respectively,
vs. 68.7) (Fig. 4C).

ZOL Inhibits Migration of NE-CS Cells

In addition to effects of ZOL on cell cycle activity
and apoptosis, we examined whether ZOL inhibited
migration of NE-CS cells, using a Boyden chamber as-
say. NE-CS cells, with or without ZOL concentrations
of 10, and 100 wmol/L, that migrated across the pores
at 2,4, 6 and 8 hr were counted. The numbers of cells
migrating 1 mm™2 of membrane were significantly
decreased in ZOL 10, and 100 pmol/L (Fig. 5A).
When culture medium adding 20 pmol/L of FOH

A Control Z0L

was incubated in upper chamber, the ZOL-induced
inhibition was not appeared (Fig. 5B).

ZOL Utilizes the Ras/MAPK Pathway
via the Mevalonate Pathway
in NE-CS Cells

Since ZOL inhibits farnesyl-pyrophosphate synthe-
tase in the mevalonate pathway and impairs prenyla-
tion of Ras, we evaluated the effects of ZOL on
Ras activity. We used FOH, which potentially induces
farnesylation of Ras. As evaluated by pull-down
assay, 10, and 100 pmol/L inhibited Ras activation
in NE-CS cells, and then the ZOL-induced inhibition
was reversed by FOH (Fig. 6). We examined the
effects of ZOL on Erk-1/2, which are the terminal pro-
teins of the Ras/MAPK pathway. ZOL inhibited
Erk1/2 phosphorylation as evaluated by Western blot
assay.
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Effects of ZOL onapoptosis and cell activity of NE-CS cells. A: TUNEL and anti-Kié7 immunofluorescence were used for NE-CS cells

treated with ZOL concentrations of 0, 10, 50, and 100 wmol/L (n = 5/group). DAPI was used to visualize cell nuclei. TUNEL-positive cells, col-
oredred, increased with increased concentrations of ZOL.On the other hand, Ki- 67-positive cells, colored green, decreased. B: The numbers
of TUNEL-positive cells per 1,000 cells apoptoic index (Al) were significantly increased in ZOL 50, and 100 mol/L compared to the control
(means: 55.7, and 136.5, respectively, vs. 13.8). Data are means; bars & SD; ¥, significantly different from control group (P < 0.001; Student’s
t-test).C: The numbers of Kié7-positive cells per 1,000 cells (KI: Ki- 67 labeling index) were significantly decreased in ZOL 10, 50,and 100 p.mol/L
compared to the control (means: 376, 22.8, and 1.3, respectively, vs. 68.7). Data are means; bars & SD; *, significantly different from control

group (P < 0.00l; Student’s t-test).
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Fig. 5. Effectsof ZOL on migration of NE-CS cells. Migration assay was performed by using a Boyden chamber (n = 3/group). A: In experi-
ment |, NE-CS cells (I x 10°) were placed in the upper chamber with 100 i of culture medium with or without ZOL (10, 100 wmol/L). In the
lower chamber, 600 .l of culture medium was added. The numbers of cells migrating per | mm™* of membrane were significantly decreased
in ZOL 10, and 100 pmol/L. Data are means; bars & SD; ¥, significantly different from the control (P < 0.00l; repeated-measures ANOVA).
B: In experiment 2, culture medium adding 20 wmol/L of farnesyl-pyrophosphate ammonium salt (FOH) was incubated in the upper chamber.
The numbers of cells migrating | mm ™2 of membrane were not significantly decreased in ZOL 10, and 100 wmol/L. Data are means; bars & SD.
*, Significantly different from the control (P < 0.001; repeated-measures ANOVA).

DISCUSSION

Inappropriate NE regulation in the prostate might
facilitate carcinogenesis, proliferation and other tissue
changes such as loss of basal cells, angiogenesis, and
piling up of prostatic luminal epithelium and inva-
sion, which are characteristic of prostatic carcinoma
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Fig. 6. Effects of ZOL on Ras/MAPK pathway of NE-CS cells.
We used farnesyl-pyrophosphate ammonium salt (FOH), which po-
tentially induces farnesylation of Ras. Ras activity was evaluated by
pull-down assay, and Erk activity by Western blot assay. As evaluat-
ed by pull-down assay, 10, and 100 p.mol/L ZOL inhibited Ras activa-
tion in NE-CS cells, and then the ZOLl-induced inhibition was
reversed by FOH. ZOL inhibited Erkl/2 phosphorylation in NE-CS
cells as evaluated by Western blot assay.

[20]. In addition, we previously demonstrated that
secretions from NE cells stimulated prostatic cancer
cells to achieve androgen-independent growth [21].
Androgen deprivation therapy induces an increased
number of NE cells in prostate cancer and the fre-
quency and density of NE cells are more pronounced
in CRPC [22]. Thus, the control of NE cells might be

[important for establishing a treatment strategy for

CRPC.

Somatostatin analogs have been used clinically
used to treat NE tumors [23]. SMS and lanreotide,
which have high affinity to SSTR2a, have been dem-
onstrated to reduce excessive hormone production
and accompanying symptoms from carcinoid tumors
and pancreatic endocrine tumors such as glucago-
noma, VIPoma and gastrinoma [14]. The anticancer
effect may be the result of antiproliferative and apop-
toic actions through direct and indirect mechanisms.
The direct mechanism is mediated by SSTR on tumor
cells, and suppression of secretion of several growth
factors such as insulin-like growth factor-1 (IGF-1)
may also indirectly inhibit the tumor growth [24-26].
In this study, in spite of the expression of SSTR2a and
SSTR5 in our NE carcinoma models, we failed to find
significant antiproliferative effects of SMS or SOM
monotherapy in vitro or in vivo. In addition, the com-
bination therapy with ZOL did not create a synergis-
tic effect. Although, the exact reason is unclear, both
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Fig. 7 Schematic representation of the mevalonate pathway and proposed mechanism of anti-tumor effects of zoledronic acid in prostatic

NE carcinoma.

SMS and SOM might be insufficient to control our NE
carcinoma models through autocrine, paracrine and
endocrine regulation via SSTRs.

Our results suggest that ZOL induces time- and
. dose-dependent antiproliferative and apoptoic effects
in prostatic NE carcinoma. The observed anticancer
activity was exerted at ZOL IC50 levels of from 15.8 to
36.0 wumol/L. In addition, the drug reduced migration
by 8 hr in vitro even at the 10 pumol/L concentration,
and the time and dose did not seem to affect the via-
bility of cells. These effects were caused by disruption
of prenylation of Ras proteins as a result of farnesyl-
pyrophosphate synthetase inhibition, disrupting the
downstream MAPK/Erk signaling pathway (Fig. 7).
Farnesyl-pyrophosphate synthetase is a key enzyme
in the mevalonate pathway, which produces essential
lipid molecules such as cholesterol, farnesyl-pyro-
phosphate and geranylgeranyl-pyrophosphate [27].
Small G proteins need prenylation to link to the inner
surface of the cell membrane and function in signal
translation [28]. Prenylation of small G proteins
involves farnesylation, which provides a 15-carbon
isoprenoid moiety with Ras, and geranylgeranylation,
which provides a 20-carbon isoprenoid moiety with
Rap Rac or Rho [27,28]. Ras is the most thoroughly
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characterized member of the small G proteins in-
volved in key oncogenic cellular processes such as
proliferation, anti-apoptosis, migration, invasion and
adhesion (Fig. 7). Therefore, it is anticipated that ZOL
disturbing prenylation of Ras will induce multifacto-
rial anticancer effects in cancer cells.

Several studies had shown that ZOL induces apo-
ptosis via impaired prenylation of small G proteins in
various cancer cells, including prostate [12,29-31],
breast [32,33], myeloma [34], colon [35], and lung
cancer cell lines [36]. Caraglia et al. [12] reported the
effects of the combination of ZOL and farnesyl-trans-
ferase inhibitor R115777 on PC3 and DU145 prostate
cancer cell lines. These effects paralleled disruption of
Ras/MAPK/Erk and Akt survival pathways, which
consequently decreased phosphorylation of both
mitochondrial bel-2 and bad proteins, and caspase ac-
tivation. These findings may support our results indi-
cating that ZOL induced apoptosis of NE cells.
Recents studies have shown that impaired geranyl-
geranylation on other small G proteins such as Rapl
[29,34] and RhoA [32] is also crucial for the associa-
tion with these apoptotic actions induced by ZOL.

We also demonstrated that ZOL induced cell cycle
arrest of the NE carcinoma cells. Both in vitro, and in
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vivo, ZOL reduced the numbers of Ki67-positive cells
during all active phases of the cell cycle (G1, S, G2,
and M). ZOL has been shown to reduce the expres-
sion of cyclin D1 and cyclin E in osteosarcoma cells,
resulting in a cell cycle block at G1, and S [37]. In ad-
dition, experiments using leukemia cells have shown
that ZOL can also reduce the expression of cyclin D3
and cyclin B, resulting in a cell cycle block at G2-M
[38]. These actions are suggested to occur in a p53-
independent manner followed by subsequent apopto-
sis. Our results indicated that ZOL inhibited the cell
cycle of NE cells.

Moreover, we demonstrated that ZOL inhibited
migration of NE-CS cells. It decreased the weights of
livers having metastatic nodules in castrated NE-10
allografts, which means to suppress liver metastases.
Likewise, Hiraga et al. [39] reported that 1 wmol/L
ZOL significantly inhibited cell invasion in a breast
cancer cell line (4T1/Luc), which consequently led to
suppression of liver and bone metastases. Similar
results were also observed in prostate cancer cell lines
LNCaP, PC3, and DU145 31. In addition, Coxon et al.
[40] reported an inhibitory effect of 1 pmol/L ZOL on
adhesion to mineralized matrix in PC3, and DU145
cells. Although the exact mechanisms underlying
these effects remain unclear, it is suggested that ZOL
could inhibit several matrix metalloproteinase or
adhesion molecules via impairment of prenylation
of small G proteins. It is noteworthy that ZOL also
inhibits essential steps for the spread of cancer cells.
In addition, recent reports have shown that ZOL indi-
rectly exerts anticancer effects via elevated function
of gamma delta T cells [41,42]. It is suggested that
accumulation of isopentenyl-pyrophosphate caused
by ZOL may be involved in activation of gamma delta
T cells [43].

There are some limitations in this study. The NE-10
allograft and the NE-CS cell line were derived from
the mouse prostate. The role of human NE cells in
human prostate cancer may be different from that
of mouse NE cells. In addition, the characteristics of
the established cell line, NE-CS, could be different
from those of the original NE-10 allograft because
cells suitable for survival in vitro were selected dur-
ing establishment of the cell line. However, there
are no ideal human lines for which both in vitro,
and in vivo NE carcinoma models are available.
In addition, the concentration of ZOL that induced
anticancer effects in our experiments was high in
comparison to the peak plasma levels (393 =+ 100 ng/
ml) usually achieved by intravenous infusion in
patients [44]. Anticancer effects of ZOL might be con-
sidered to be exerted basically in bone metastatic
lesions in which high concentrations of ZOL are
achieved.

In patients with bone metastasis of prostate cancer,
ZOL is commonly used for relieving pain and pre-
venting skeletal-related events. This study revealed
effects of ZOL on NE cells, potential triggers of pros-
tate cancer leading to CRPC. Regulating the microen-
vironment between NE cells and prostate cancer cells
may result in benefits to patients who do not have
clinically detected bone metastasis. We believe that
our results support the clinical rationale for earlier
proactive use of ZOL, though further studies will be
needed to confirm this.

CONCLUSION

We examined the in vitro, and in vivo anti-tumor
effects of ZOL and somatostatin analogs (SMS and
SOM) on NE carcinoma models. Our results indicate
that ZOL, but not SMS or SOM, induces apoptosis
and inhibition of proliferation and migration through
impaired prenylation of Ras. Our findings support
the possibility that ZOL could be used in the early
phase for controlling NE cells which may trigger pro-

~ gression of prostate cancer to CRPC.
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Abstract

Background  Although poor liver function is associated
with a high morbidity rate and poor prognosis in hepato-
cellular carcinoma (HCC) patients, the exact effects of
liver pathology on the surgical outcomes of HCC patients
are poorly understood. The purpose of this study was to
assess how the liver pathology of HCC patients affects
their prognosis and complications rate after liver resection.
Methods Between January 2006 and November 2010,
149 consecutive hepatocellular carcinoma patients,
including 79 noncirrhosis patients and 70 cirrhosis patients,
were enrolled in this study.

Results  Among the noncirrhotic patients, operative time,
fresh frozen plasma (FFP) transfusion requirement, tumor
size, and serum retinol binding protein (RBP) levels were
significantly higher in the complications group ‘than in the
complications-free groups. On the other hand, in the cir-
rhotic patients the prothrombin time (PT) and indocyanine
green retention value at 15 min (ICGR;s) of the compli-
cations group were significantly lower and higher, respec-
tively, than those of the complications-free group. In the
noncirrhotic patients, recurrence-free survival and overall
survival did not differ between the complications and
complications-free groups. On the other hand, in the cir-
rhotic patients, the recurrence-free survival and overall

T. Mizuguchi (B<) - M. Kawamoto - M. Meguro - Y. Nakamura -
S. Ota - K. Hirata

Department of Surgery I, Sapporo Medical University Hospital,
Sapporo Medical University School of Medicine, S-1, W-16,
Chuo-Ku, Sapporo, Hokkaido 060-8543, Japan

e-mail: tmizu @sapmed.ac.jp

T. T. Hui
Department of Surgery, Children’s Hospital & Research Center
Oakland, 747 52nd Street, Oakland, CA 94609, USA

survival of the complications-free group were significantly
longer than those of the complications group.
Conclusions In the noncirrhotic patients, surgical com-
plications had no prognostic effect, whereas they had a
significant survival impact in the cirrhotic patients. The
surgical strategy for HCC should be based on the patient’s
pathological background.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most pre-
valent cancer worldwide and the third most common cause
of cancer-related death [1, 2]. The optimal management
strategy for HCC depends on both tumor-related factors
and host liver function [3, 4]. Although the frequency of
nonalcoholic steatohepatitis-related HCC has recently
increased [5, 6], most HCC still develops in patients with
viral hepatitis-associated liver disease [1, 2]. In the era
when no effective viral therapy was available, a high
incidence of recurrence after treatment was inevitable in
HCC patients. Therefore, surgery for HCC tended to be
avoided in patients with good liver function [7]. In addi-
tion, the high mortality rate of liver resection itself
encouraged patients and doctors to select interventional
therapy instead of a surgical approach.

However, liver surgery techniques have improved, and
the mortality rate after liver resection was nearly zero in
recent cases [8, 9]. In addition, technical developments
have encouraged surgeons to select a laparoscopic
approach instead of conventional open surgery [10, 11]. In
liver resection for HCC, the current goal is to reduce the
morbidity rate as much as possible and improve patient
prognosis. Liver transplantation is considered to be the best
curative approach for HCC, but liver resection should be
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considered in cases in which it would be expected to
achieve a good prognosis [9, 12]. Furthermore, the mor-
tality rate of liver resection is lower than that of liver
transplantation in the early stages of HCC, and among
patients with good liver function the long-term prognosis
of patients who undergo liver resection is comparable to
that of patients that undergo liver transplantation [9].
Although poor liver function is associated with a high
morbidity rate and poor prognosis in HCC patients [13,
14], the exact effects of liver pathology on the surgical
outcomes of HCC patients are poorly understood. There-
fore, the purpose of this study was to identify how liver
pathology affected the prognosis and complications rates of
consecutive HCC patients who underwent liver resection.

Patients and methods

Between January 2006 and November 2010, 149 consec-
utive hepatocellular carcinoma patients who underwent
hepatectomy were enrolled in this study after providing
informed consent. Mortality was defined as any in-hospital
death that occurred within 90 days of surgery. Postopera-
tive complications were defined and classified according to
the modified Clavien classification system [15]. Briefly,
Grade I complications were defined as any deviation from
the normal postoperative course that did not require special
treatment. Grade II complications were defined as those
that required pharmacological treatment with drugs. Grade
IIT complications were defined as those that required sur-
gical or radiological intervention with (IIIb) or without
(Illa) general anesthesia. Grade IV complications were
defined as life-threatening complications involving single
(IVa) or multiple (IVb) organ dysfunction. Grade V
complications were defined as those that caused the death
of the patient. For grade IV or worse complications, liver
failure was defined as a serum bilirubin concentration of
greater than 5 mg/dl that lasted for more than 2 days.
Renal dysfunction/insufficiency was defined as oliguria
(<400 ml/day) combined with a sustained serum creatine
level elevation of more than 1.1 mg/dl. Bleeding was
diagnosed by endoscopic examination. Wound seroma/
infection was defined as any wound that split open
regardless of whether bacteria were detected. Ascites was
defined as fluid discharge of more than 300 ml/day for
more than 3 days.

We divided the patients into two groups: the noncir-
rhosis group (79 patients) and the cirrhosis group (70
patients). The study design conformed to the ethical
guidelines of the Declaration of Helsinki, and obtained
informed consent was obtained from each subject before
their registration.

@ Springer

Assessment of clinical and operative variables

Before hepatectomy, we performed laboratory tests to
assess the patients’ serum levels of type IV collagen (Col),
hyaluronic acid (HA), prealbumin (PreALB), retinol
binding protein (RBP), hepatocyte growth factor (HGF),
alpha fetoprotein (AFP), and protein induced by vitamin K
absence or antagonists-II (PIVKAIIL), as well as their
indocyanine green retention value at 15 min (ICGR,s) and
“m-technetium-labeled galactosyl serum albumin (GSA)
scintigraphy index (HH15, LHL15) values. Their intraop-
erative data and any complications that occurred during
hospitalization also were recorded. Tumor size and number
were assessed by pathological examinations. All laboratory
tests were conducted in the early morning on the day of
assessment. The model for end-stage liver disease (MELD)
score of each patient was calculated using the following
formula: 9.57 x Ln (creatinine mg/dL) + 3.78 x Ln
(bilirubin mg/dL) + 11.20 x Ln (PT-INR) + 6.43, based
on laboratory tests [16].

The Child~Pugh score with Pugh’s modification was
calculated as the sum of the scores for five clinical param-
eters [ascites (none = one point, moderate = two points,
severe = three points), serum bilirubin (<2 mg/dl = one
point, 2-3 mg/dl = two points, >3 mg/dl = three points),
serum albumin (>3.5 g/dl = one point, 2.8-3.5 g/dl = two
points, <2.8 g/dl = three points), hepatic encephalopathy
(absent = one point, grade 1 or 2 = two points, grade 3 or
4 = three points), and prothrombin index [>70 % = one
point, 40-70 % = two points, <40 % = three points]).
Then, the patients were classified into three groups with
different expected survivals according to their Child-Pugh
scores (Child-Pugh A = 5-6 points, Child-Pugh B = 7-9
points, Child—Pugh C = 10 or more points) [17].

Surgical procedure

All liver resections were performed with the Pringle
maneuver after more than 300 ml of intraoperative bleed-
ing. Hepatic flow was not controlled if the intraoperative
bleeding was less than 300 ml. A Cavitron ultrasonic
aspirator (CUSA) was used for liver parenchymal dissec-
tion, and an argon laser beam coagulator or saline-associ-
ated monopolar electrocautery was used to achieve
hemostasis. Antibiotics were administered 30 min before
the laparotomy and every 3 h during the operation. All of
the sutures and ties, except those used for skin closure,
were absorbable (Vicryl or PDS, Johnson & Johnson
Gateway, Piscataway, NJ). The periwound skin was
washed with 500 ml of warm saline before skin closure. A
closed-type intra-abdominal drain and a subcutaneous
drain were installed for 2-3 days after the liver resection.
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The operation type was classified as follows: hepatic
resection (Hr) O: partial resection including tumor
enucleation; Hr S: sub-segmentectomy; Hr 1: mono-seg-
mentectomy; Hr 2: bi-segmentectomy including right
hepatectomy, left hepatectomy, and central bi-segmentec-
tomy; and Hr 3: tri-segmentectomy.

Statistical analysis

For the statistical analyses, demographic data and periop-
erative laboratory test results were extracted from the
clinical database, and the differences among the groups
were compared using the #* test followed by the post-hoc
2 x 2 Fisher’s exact test, when necessary. Continuous
variables were compared using the Mann—Whitney U test.
Logistic regression analysis was used to identify the most
relevant risk factors for complications. The factors affect-
ing overall survival were assessed using the Kaplan-Meier
method, with comparisons performed using the log-rank
test and univariate or multivariate analyses performed
using the Cox proportional hazards regression model. All
calculations were performed using the StatView 5.0 soft-
ware package (Abacus Concepts Inc., Berkeley, CA) or
SPSS 16.0 (SPSS Inc., Chicago, IL). Receiver operating
characteristic (ROC) curves, which were used to calculate
the area under the ROC curve (AUC), were produced using
the MedCalc software package (Ver 8.0.1.0, Mariakerke,
Belgium). All results are expressed as median values
(minimum value-maximum value). P values <0.05 were
considered to be statistically significant.

Results

Of the 149 consecutive patients in which we performed
hepatectomy for HCC, postoperative pathological liver
evaluations found that 79 patients had noncirrhotic livers,
and 70 patients had cirrhotic livers. The two groups dis-
played similar morbidity rates, and there were no significant
differences in the frequencies of any of the complications
included in the Clavien classification (Table 1).

Table 2 shows the clinical demographics of the non-
cirrhotic patients. In univariate analysis of these patients, the
operative time, fresh frozen plasma (FFP) transfusion
requirement, tumor size, MELD score, and y-glutamyl
transpeptidase (gGT), and retinol binding protein (RBP)
levels of the complications group were found to be signifi-
cantly higher than those of the complications-free group.
Multivariate analysis demonstrated that all of these indica-
tors, except gGT and the MELD score, were significantly
increased in the complications group. The area under the
curve (AUC) values of these indicators were all greater than
0.65 and were significantly different (Fig. 1a—d). Interactive

Table 1 Postoperative complications suffered by noncirrhotic and
cirrhotic patients after hepatectomy for hepatocellular. carcinoma

Clavien classification Noncirrhotic Cirrhotic
n=179) (n = 70)
GI-GIII GIV-GV GI-GIII IV-GV
Liver failure 1 1 1 1
Bleeding 1 2
Bile leakage 3 1
Respiratory distress 5 1 1
Renal dysfunction/failure 2 2
Intra-abdominal abscess 3 2
Wound seroma/infection 5 3
Pleural effusion 3 5
Ascites 3 10
28 events/ 29 events/

22 patients 24 patients

dot diagrams were used to determine the ideal cutoff values
for each parameter, which were 3.1 mg/dl for RBP (Fig. le),
373 min for operative time (Fig. 1£), 0 U for FFP transfusion
requirement (Fig. 1g), and 5.5 cm for tumor size (Fig. 1h).

Table 3 shows the clinical demographics of the cirrhotic
patients. In univariate analysis of these patients, the pro-
thrombin time (PT), choline esterase (CholE) levels,
Child-Pugh score, and MELD score of the complications
group were found to be significantly higher than those of
the complications-free group, whereas the indocyanine
green retention value at 15 min (ICGR;s) of the compli-
cations group was significantly lower than that of the
complications-free group. Of these, PT and the ICGR;5
achieved significance in the multivariate analysis. The
AUC values of both of these parameters were greater than
0.65 and were significantly different (Fig. 2a, b). Interac-
tive dot diagrams demonstrated the ideal cutoff values for
each of these parameters, which were 82.8 % for PT
(Fig. 2¢) and 9.6 % for the ICGR 5 (Fig. 2d).

We next examined the recurrence-free survival (Fig. 3a,
¢) and overall survival (Fig. 3b, d) rates of the noncirrhotic
(Fig. 3a, b) and cirrhotic patients (Fig. 3¢, d). Among the
non-cirrhotic patients, the complications and complica-
tions-free groups displayed similar recurrence-free survival
and overall survival rates. On the other hand, among the
cirthotic patients, the complications-free group demon-
strated significantly longer recurrence-free survival and
overall survival than the complications group.

Discussion

In this study, we showed that the risk factors for
perioperative complications differed between noncirrhotic
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Table 2 Clinical demographics

of the noncirrhotic patients who Complications Complications-free Univariate Multivariate
underwent initial hepat_ectomy Etiology 0.262
for hepatocellular carcinoma
(N =179) B 8 25
C 6 20
BC 1 0
NBNC 7 12
Operation 0.054
0 5 24
S 3 13
1 6 11
2 4 8
3 4 1
Stage 0.678
1 1 8
2 16 32
3 3 10
4 2 7
Operative time (min) 415.6 + 1439 332.7 £ 1348 0.019 0.043
Bleeding (ml) 857.8 £ 609.3 552.4 £ 1261.1 0.282
Blood transfusion (U) 1.9 +32 0.6 +24 0.053
FFP transfusion (U) 4.0 % 6.1 1.1 £31 0.006 0.001
Tumor size (cm) 6.62 + 4.06 422 +3.14 0.009 0.001
Tumor number 1.6+£12 1.6+ 1.5 0.979
Age (year) 677 +£9.2 679 £ 11.2 0.931
Height (cm) 161.9 £ 7.6 160.5 £ 7.5 0.463
Weight (kg) 61.4 4 10.2 587498 0.289
BMI 235+ 3.1 227 4+ 32 0.307
ALB (g/dl) 3.81 £0.53 3.93 £0.35 0.252
Bil (mg/dl) 0.61 £+ 0.34 0.72 4 0.34 0.189
PT (%) 929 +9.4 92.8 £ 135 0.979
Plt (x10% 182 £ 6.8 17.7 £ 11.5 0.844
AT (%) 96.9 £ 16.8 944 £+ 17.2 0.577
AST (IU/L) 434 4+ 25.6 38.8 +£394 0.617
ALT (IU/L) 414 4 29.7 36.4 + 30.9 0.516
¢GT (IU/L) 117.2 + 180.6 52.7 £ 47.1 0.022 0.056
CholE (IU/L) 2453 +£79.1 250.4 £ 66.1 0.776
Col (ng/ml) 5.52 4+ 2.83 4.99 + 1.46 0.322
HA (ng/ml) 160.1 & 143.5 141.6 £ 207.1 0.712
BTR 6.49 + 2.21 6.53 £ 1.79 0.941
ICG R15 (%) 10.1 £ 8.5 10.8 +£ 6.7 0.692
RBP (mg/dl) 447 + 3.68 2.68 + 1.13 0.005 0.024
PreALB (mg/dl) 213 £ 8.1 18.8 £ 6.6 0.195
HGF (ng/ml) 0.34 £ 0.11 0.29 +0.13 0.199
HHI15 0.602 =+ 0.062 0.584 =+ 0.069 0.299
LHL15 0.930 = 0.027 0.933 £ 0.029 0.675
Child-Pugh score 5.318 + 0.477 5.281 % 0.701 0.818
MELD score 8.901 + 5.314 7.402 £ 1.156 0.046 0.095

patients and cirrhotic patients who had undergone liver
resection for HCC. In addition, the effects of surgical
complications on postoperative recurrence-free survival

and overall survival also differed among these groups.
These results indicate that the pathological state of the
patient’s liver should be taken into account when
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Fig. 1 ROC curves (a, b, ¢, and d) and interactive dot diagrams (e, f,
g, and h) of retinol binding protein levels (RBP; a and e), operative
time (Op time; b and f), fresh frozen plasma transfusion requirement
(FFP; ¢ and g), and tumor size (d and h). AUC area under the ROC

determining the optimal surgical management strategy for
HCC or predicting the prognosis of HCC patients.

The risk factors for surgical complications in HCC
patients can be divided into technical and host factors [13,
14, 18-21]. We did not detect any difference in the fre-
quency of surgical complications between the non-cirrhotic
and cirrhotic patients, even though they displayed different
risk factors. The extent of liver resection tended to be
greater in the noncirrhotic patients, which might have
increased their risk of surgical complications. On the other
hand, only limited liver resection can be performed in
cirrhotic patients due to their poor liver function. Although
cirrhotic patients are expected to display a higher risk of
surgical complications than noncirrhotic patients due to
their immunocompromised condition [18, 21], the limited
resections performed in cirrhotic patients might counteract
this effect [22]. Another possible reason for the similar
complication rates of the two groups is that we might not
have performed the operations involving the noncirrhotic
patients with sufficient technical skill as the tumors in the
complications group were larger than those in the com-
plications-free group, which would have made the proce-
dures more technically difficult. We did not fully elucidate
the reason why the noncirrhotic and cirrhotic patients dis-
played similar complication rates, but we might have to
reconsider our surgical management strategy for non-
cirrhotic patients.
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significant

In the noncirrhotic patients, the serum RBP level was
found to be a predictive risk factor for surgical complica-
tions in addition to tumor size and operative time. Patients’
preoperative hepatic reserves are usually evaluated using
the Child—Pugh score or liver damage score [3, 23-26]. A
previous study found that in noncirrhotic patients these
classical liver functional evaluation methods gave similar
results for each patient, and it was hard to distinguish
between borderline cases [7]. Due to the short half-life of
RBP, its serum concentration represents the real-time state
of hepatic protein production [23, 27]. In fact, our results
suggested that serum RBP levels could be a useful predictor
of surgical complications. Therefore, serum RBP levels
could be used to predict postoperative complications and
determine the hepatic condition of noncirrhotic patients.

Among the noncirrhotic patients, the complications and
complications-free groups displayed similar prognoses.
The tumors in the complications group were larger than
those in the complications-free group, although the two
groups displayed similar numbers of tumors. Tumor size
and number have been reported to be prognostic factors for
HCC patients [3]. However, many of the patients in the
complications group had large single tumors. It is possible
that tumor size does not have a prognostic impact in cases
involving single tumors, but rather, only has a clinical
impact in terms of the technical difficulties associated with
large tumors. In fact, Truant recently reported that in HCC
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Table 3 Clinical demographics

of the cirrhotic patients who Complications Complications-free Univariate Multivariate
underwent hepatec%omy for Etiology 0.137
hepatocellular carcinoma
N = 70) B 9 20
C 11 22
BC 1 2
NBNC 3 2
Operation 0.339
0 12 22
S 4 12
1 5 9
2 3 3
Stage 0.856
i 6 10
2 7 18
3 10 16
4 1 2
Operative time (min) 376.7 £ 133.7 319.7 4 130.2 0.092
Bleeding (ml) 7185 + 677.1 461.9 £ 621.5 0.119
Blood transfusion (U) 0.83 4+ 2.63 0.35 & 1.31 0.317
FFP transfusion (U) 3.26 £4.33 1.49 + 4.28 0.115
Tumor size (cm) 328 + 1.91 2.69 + 1.46 0.192
Tumor number 24 +34 1.5+ 09 0.137
Age (year) 66.5 + 8.9 65.6 + 10.3 0.733
Height (cm) 160.7 £ 8.9 1594 + 9.5 0.576
Weight (kg) 624 £ 11.1 604 £ 12.2 0.501
BMI 241 £32 237 4+ 35 0.657
ALB (g/dl) 3.63 + 0.39 3.82 + 0.61 0.174
Bil (mg/dl) 0.84 £ 0.49 0.74 £ 0.31 0.291
PT (%) 83.9 + 103 89.9 4 8.7 0.019 0.007
Plt (x10% 142 £99 13.1 £ 8.3 0.596
AT (%) 77.5 4+ 14.8 82.1 £ 15.9 0.254
AST (IU/L) 46.8 + 20.4 47.6 £ 21.5 0.881
ALT (IU/L) 429 £ 257 442 +26.1 0.838
¢GT (IU/L) 94.8 + 72.5 779 + 84.4 0.428
CholE (IU/L) 1953 + 63.4 236.6 £ 65.7 0.019 0.091
Col (ng/ml) 7.44 £ 2.64 6.53 +2.34 0.179
HA (ng/ml) 270.5 + 203.3 2114 + 157.1 0.189
BTR 522 +214 5.51 £2.32 0.639
ICGR;s5 (%) 174+ 177 123+ 73 0.011 0.022
RBP (mg/dl) 231 +£1.22 2.65 £ 1.55 0.392
PreALB (mg/dl) 149 £ 49 171 £ 7.1 0.194
HGF (ng/ml) 047 £0.15 042 £0.22 0.331
HHI15 0.669 £ 0.101 0.624 + 0.087 0.069
LHL15 0.889 £ 0.071 0.911 £ 0.045 0.144
Child-Pugh score 5.542 + 0.779 5.222 + 0421 0.029 0.182
MELD score 8.595 + 1.888 7.683 £ 1.374 0.025 0.097

large tumors were associated with a worse prognosis, but  tumor [28]. Regardless of how tumor size is related to
some patients whose tumors were not very aggressive  prognosis, surgical complications do not have a prognostic
achieved better survival regardless of the size of their  impact in non-cirrhotic patients.
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Fig. 2 ROC curves (a and

b) and interactive dot diagrams
(c and d) of prothrombin time
(PT; a and c) and the
indocyanine green retention
value at 15 min (ICGRs; b and
d). AUC area under the ROC
curve, SE standard error, C/
confidence interval, Sens.
sensitivity, Spec. specificity,

N no, Y yes. P < 0.05 was
considered to be significant

Fig. 3 Recurrence-free survival
(a and ¢) and overall survival
(b and d) in the noncirrhotic
patients (a and b) and cirrhotic
patients (c and d). Straight lines
represent the complications
group, and dotted lines represent
the complications-free group

In the cirrhotic patients, PT and the ICGR;5 were found
to be predictors of surgical complications. Although the
ICGR 5 does not count towards the Child—Pugh score, the

Recurrence free Survival (%)

Recurrence free Survival (%)
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liver damage score consists of serum albumin and bilirubin
levels, PT, and the ICGRs [23, 24]. Thus, our study
showed that liver function has a prognostic impact in
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cirrhotic patients, as was found in previous reports [14],
whereas postoperative complications had no prognostic
effect in noncirrhotic patients. Our finding that liver
function had a significant impact on postoperative com-
plications in cirrhotic patients has important implications.
We found that PT and ICGR,;s cutoff levels of 80 and
10 %, respectively, can be used to predict which patients
will suffer surgical complications and a poor prognosis.
Our cutoff values are very similar to those used for the liver
damage score. Thus, although the risk of complications is
affected by the extent of tumor progression and the type of
liver resection in noncirrhotic patients, classical functional
evaluations of liver function, such as the Child—Pugh score
[17] or liver damage score, are helpful not only for deter-
mining surgical indications but also for predicting post-
operative complications and prognosis, especially in
cirrhotic patients.

On the other hand, the MELD score has been shown to
be a predictor of liver failure in cirrhotic patients [29].
However, the MELD score did not achieve statistical sig-
nificance in the multivariate analysis conducted in the
present study. This might have been due to the surgical
indications for HCC employed at our institution. Basically,
decompensated cirrhotic patients are never considered for
liver resection. In addition, there were no patients with
hepatorenal syndrome, and most of the patients’ serum
bilirubin levels were within normal levels. Therefore, the
MELD score was dependent on the PT-INR in most
patients. Although consecutive studies might be subject to
inevitable bias, PT-related scores, including PT itself,
might be useful for predicting complications and prognosis
in cirrhotic patients.

The morbidity rates of the noncirrhotic patients and
cirrhotic patients ‘in our study were not significantly dif-
ferent. The most common complications suffered by the
noncirrhotic patients were bile leakage, bleeding, and
surgical site infections, including intra-abdominal absces-
ses and wound infection. On the other hand, the most
common complications experienced by the cirrhotic
patients were ascites and pleural effusion. The fact that the
operations performed in the noncirrhotic patients involved
more extensive resections than those performed in the
cirrhotic patients, which also affected the resected liver
area and wound length, might have caused these respon-
sible these differences. On the other hand, morbidity is
inevitable in cirrhotic patients due to their poor systemic
condition, which is caused by their poor liver function
[7, 14]. The risk of morbidity after liver resection depends
on the balance between liver function and operative pro-
cedure. Therefore, we need to pay more attention to the
surgical management of noncirrhotic patients and the
surgical indications and operative plans for cirrhotic
patients.

@ Springer

Conclusions

We investigated the predictors of surgical complications
after liver resection for HCC according to the pathological
background of the patient’s liver. In noncirrhotic patients,
serum RBP level, tumor size, operation time, and FFP
transfusion requirement were found to be predictors of
surgical complications, although surgical complications
had no prognostic impact in this group. On the other hand,
PT and the ICGR 5 were found to be predictors of surgical
complications in the cirrhotic patients, and surgical com-
plications conveyed a significant survival disadvantage in
this group.

Surgical strategies for HCC should take the patient’s
pathological background into account.
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Abstract

Purpose The combination of docetaxel, cisplatin, and S-1
(DCS) chemotherapy is expected to be a promising regimen
for advanced gastric cancer. This study was performed to
evaluate the efficacy and safety of neoadjuvant DCS che-
motherapy for locally advanced resectable gastric cancer.
Methods Patients with locally advanced gastric cancer
received 2 courses of preoperative chemotherapy with S-1
(40 mg/m? b.i.d.) on days 1-14 and docetaxel (60 mg/m?)
plus cisplatin (60 mg/m*) on day 8 every 3 weeks, followed
by standard curative surgery within 4-8 weeks. The primary
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endpoint was RO resectability. Expression of damage DNA
binding protein complex subunit 2 (DDB2)/excision repair
cross-complementing 1 (ERCC1) in the pretreated tumor
tissues was examined by immunohistochemistry.

Results A total of 43 patients received neoadjuvant che-
motherapy. The response rate was 74.4 %, and disease
control ratio was 100 %. Grade 4 neutropenia developed in
53.5 % of patients and febrile neutropenia in 16.3 %. Non-
hematological grade 3/4 adverse events were anorexia
(23.3 %), nausea (14.0 %), and diarrhea (23.3 %), but
these were generally transient and manageable. The pro-
portion of RO resections in the 43 eligible patients was
90.7 %, and a pathological response was found in 65.9 %
of patients. There were no treatment-related deaths and
no major surgical complications. The accuracy of the
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combination of DDB2 and ERCC1 expression for pre-
dicting chemoresistance was 82.5 %.

Conclusions Preoperative treatment with DCS combina-
tion for locally advanced gastric cancer demonstrated a suf-
ficient RO resection rate and a good pathological response
with manageable toxicities. The DDB2/ERCC1-high phe-
notype, as determined by immunohistochemistry, may be
useful predictor of resistance to DCS chemotherapy.

Keywords Neoadjuvant chemotherapy - Advanced
resectable gastric cancer - DSC - Nucleotide excision repair

Introduction

Although the incidence of gastric cancer is decreasing, it
remains the second leading cause of cancer-related death
globally and in Japan [1]. A further decrease in mortality
would require improved treatment outcomes in patients
with advanced gastric cancer. Currently, surgery remains
the mainstay of curative treatment. However, only an RO
resection is associated with significant cure rates, and less
than half of patients with locally advanced gastric cancer
will achieve an RO resection even with aggressive surgery
[2]. Despite curative resection, a large proportion of
patients with locally advanced gastric cancer will experi-
ence recurrence, and the long-term survival rate remains
unsatisfactory [3]. The high risk of relapse after surgery has
led to the search for strategies to prevent relapse and to
improve survival for gastric cancer patients, such as adju-
vant therapy or neo-adjuvant approaches.

Recently, the large-scale Japanese phase III trial by the
Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer
group reported the superiority of S-1 as an adjuvant che-
motherapy over surgery alone after D2 lymph node dis-
section of stage II/III patients [4]. Nonetheless, even with
adjuvant S-1 chemotherapy, about one-third of RO patients
died within 5 years of surgery, indicating that improved
therapeutic strategies are needed.

Preoperative chemotherapy has some theoretical bene-
fits in comparison with postoperative chemotherapy in such
patients, including downstaging that increases the possi-
bility of subsequent RO resection, treating micrometastatic
disease early in the course of therapy, evaluating suscep-
tibility to chemotherapy, and generally better tolerability of
more intensive chemotherapy. This approach is supported
by a large randomized study involving 503 resectable
patients; that is, the Medical Research Council Adjuvant
Gastric Infusional Chemotherapy trial, the first positive
neoadjuvant study, in which the effects of 3 pre- and
post-operative cycles of ECF (epirubisine/cisplatin/5-FU)
chemotherapy were compared with surgery alone [S].
The study concluded that perioperative chemotherapy
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decreased the tumor stage and improved patient survival. A
similar benefit for perioperative chemotherapy was noted
in a French multicenter trial in which 224 patients with
potentially resectable gastric cancers were randomly
assigned to receive 2-3 cycles of preoperative chemo-
therapy (CF, 5-FU/cisplatin) or surgery alone [6]. How-
ever, S-year survival rates remain less than 40 % in these
trials. Therefore, the development of more effective che-
motherapeutic regimens would be required for further
improvements of efficacy in neoadjuvant therapy.

During the last decade, several new agents with prom-
ising activity against gastric cancer have been identified.
These include S-1, docetaxel, and irinotecan [7]. The
therapeutic value of combination regimens including these
new anticancer agents has been studied with the goal of
improving overall treatment efficacy. A phase III study
(V325) evaluating the impact of adding docetaxel to CF
(DCF) in advanced gastric cancer showed that DCF led to
significantly improved outcomes [8]. S-1 is a novel oral
fluoropyrimidine, and a recent phase III trial showed that
the substitution of S-1 for infusional 5-FU in the CF reg-
imen is comparable in efficacy to 5-FU combined with
cisplatin but has significant safety advantages [9]. At
present, S-1 plus cisplatin (CS) is recognized as a standard
treatment for unresectable advanced or recurrent gastric
cancer in Japan [10].

‘We have previously conducted phase I and phase I studies
to evaluate the effect of adding docetaxel to base treatment
with S-1 plus cisplatin (DCS) to further improve the thera-
peutic response; both a very high response rate (87.1 %) anda
promising median survival time (687 days) in patients with
unresectable advanced gastric cancer were noted [11, 12].
Another phase II study of DCS with a different treatment
regimen from ours has been performed by Koizumietal. [13];
treatment was highly effective (response rate, 81 %), con-
sistent with the results of our study. We also found an
appreciable rate of downstaging (25 %) with a very high
response rate and no cases of disease progression with this
regimen [12], suggesting the applicability of DCS for neo-
adjuvant chemotherapy. Based on these encouraging results,
we performed this multicenter single-arm phase II trial to
evaluate the efficacy and safety of preoperative chemother-
apy with DCS for locally advanced gastric cancer.

Patients and methods

Patient eligibility

Patients with locally advanced gastric cancer were eligible
for the present study. Eligibility criteria included the fol-

lowing: age between 20 and 80 years; PS of 0-1 on the
Eastern Cooperative Oncology Group (ECOG) scale;
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histologically proven gastric adenocarcinoma; T3-4, NO-3,
(or T2N1-3 in the case of diffuse invasive type; linitis
plactica), MO (according to the Japanese Classification of
Gastric Carcinoma 13th edition) [14]; clinically diagnosed
with potentially resectable tumors; no prior gastric surgery;
no previous chemotherapy or radiotherapy; measurable
lesion(s) or evaluable disease; no uncontrolled infectious or
cardiac disease; adequate renal function; no synchronous or
metachronous (within 5 years) malignancy other than car-
cinoma in situ; and provision of written informed consent.
This study was approved by the ethics committee of each
institution and hospital.

Baseline evaluation

The pre-study evaluation included physical examination,
hematology, biochemistry, urinalysis, chest X-ray, and
gastroduodenofiberoscopy. Gastric adenocarcinomas were
staged by computed tomography (CT) scan and endoscopic
ultrasound (EUS) in order to estimate primary tumor and
lymph node status. Staging laparoscopy was performed to
exclude occult M1 disease in the peritoneum or other intra-
abdominal sites. Further examination using radionuclide
bone scan, and/or co-registered (18F)-fluoro-2-deoxy-p-glu-
cose (FDG) positron emission tomography (PET)/CT scan
was performed if clinically indicated to exclude M1 disease.

Treatment schedule

In this multicenter, nonrandomized, open-label phase II
trial, S-1 was administered orally twice daily on days 1-14
at a dose calculated according to the patient’s body surface
area as follows: <1.25 m? 40 mg; 1.25-1.5 m% 50 mg;
and >1.5 mz, 60 mg.

Cisplatin was administered by intravenous infusion for
2 h at 60 mg/m* in 5 % glucose followed by docetaxel at
60 mg/m® in 5 % glucose on day 8 with adequate hydra-
tion. Cycles were repeated every 3 weeks. Prophylactic
administration of antiemetic medication at a standard dose
was routinely used to prevent nausea and vomiting when
cisplatin was administered. In the event of toxicity, the
treatment delays and dose reductions were planned as
previously described [12]. All patients received 2 courses
of treatment, and responders received a maximum of 4
courses, followed by standard curative surgery involving a
radical resection, the extent of which (total or subtotal
gastrectomy) depended on the site of the primary tumor,
and D2 or D3 lymphadenectomy within 4-8 weeks.

Assessment and follow-up

Toxicity was evaluated according to the Common Toxicity
Criteria for Adverse Events (version 3.0). Assessment of

response to neoadjuvant therapy was performed after each
preoperative cycle according to Response Evaluation Cri-
teria in Solid Tumors guidelines (version 1.0) and for pri-
mary lesions according to the guidelines of the Japanese
classification of gastric carcinoma [15]. The pathological
response to chemotherapy was classified according to the
following criteria provided by the Japanese Gastric Cancer
Association (JGCA) [16]: grade 0, no part of tumor
affected; grade la, less than one-third affected; grade 1b,
between one-third and two-thirds affected; grade 2,
between two-thirds and entire tumor affected; and grade 3,
no residual tumor. A pathological response was defined as
one-third or more of the tumor affected (grade 1b, 2 or 3).
Each patient was assessed at 1, 3, 6, 9, and 12 months, then
every 6 months for 5 years, and then annually or until
death.

Immunohistochemistry for ERCC1 and DDB2

Paraffin-embedded tissue sections of gastric cancer tissue
were deparaffinized in xylene and treated for 20 min with
0.6 % H,0, to block endogenous peroxidase activity. They
were incubated overnight at 4 °C in a 1:100 dilution of
mouse monoclonal antibody against ERCC1 (sc-56386,
Santa Cruz Biotechnology, Santa Cruz, CA, USA) or rabbit
anti-DDB2 antibody (ab77765, Abcam, Cambridge, UK).
Binding of the primary antibody was detected by peroxi-
dase staining with an avidin—biotin complex system (Dako,
Carpinteria, CA, USA). Staining was graded for intensity
of staining (1, weak; 2, moderate; 3, strong) and percentage
of cells stained (1, 0 to <10 %; 2, 10 to <50 %; 3,
50-100 %). We classified ERCC1 and DBB2 staining as
positive when tumor cells showed nuclei reactivity and
both scores were two or above, as described previously
[17].

Statistical methods

The primary endpoint was the RO resection rate. The sec-
ondary endpoints were pathological response rate, response
to chemotherapy, progression-free (PFS) and overall sur-
vival (OS), and chemotherapy-related toxicity. Given that
the expected rate of RO resection is 85 % and the threshold
incidence is 65 %, based on previously reported data for
RO resection rates in this population [18-20], with an alpha
value of 0.025 (l-sided) and a beta value of 0.2, the
required number of patients was determined to be 36.
The target number of patients was therefore set at 40,
accounting for expected dropouts and excluded patients.
PFS was defined as the time from registration until
objective tumor progression or death. OS was defined as
the time from registration until death from any cause. The
Fisher’s exact probability test was employed for
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