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Table 4 Results of randomized controlled trials on neoadjuvant transarterial chemoembolization and non-transarterial chemoembolization
before hepatectomy for resectable hepatocellular carcinoma (HCC)

Study Year Total (TACE/mon-TACE) Percentage of HBV ~ Percentage of HCV  Percentage of
patients (n) patients (n) (TACE/mon-TACE) (TACE/non-TACE) Child—Pugh class A
(TACE/mon-TACE)
This study 124 81/43 12726 73/53 88/91
Zhou et al. [18] 2009 108 52/56 98/98 0/0 84/89
Yamasaki et al. [15] 1996 97 50/47 NR NR NR
Wu et al. [17] 1995 52 24/28 75/68 NR 92/86
Study Mean preoperative Cytotoxic agent TACE sessions Complete necrosis (%)
tumor size (cm) per patient (rn) (TACE/non-TACE)
(TACE/mon-TACE)
This study 4.1/5.0 EPI 1 21/0
Zhou et al. [18] 9.0/9.5 5FU, CDDP 1.5 15/0
Yamasaki et al. [15] 3.1/3.3 DOX 16/NR
Wau et al. [17] 14.3/14.5 DOX 3 NR/NR

Study Morbidity (%) Mortality (%) 3-year disease-free 3-year overall survival
(TACE/mon-TACE) (TACE/mon-TACE) survival (%) (%) (TACE/mon-TACE)
This study 10/19 172 28/32 75160
Zhou et al. [18] Adhesions and longer 0/0 26/21 40/32
operating time
in TACE group
Yamasaki et al. [15] NR 6/9 54/42 91/88
Wau et al. [17] NR 4/7 40/50 33/60

Significant differences are shown in beld. The number of patients receiving TACE in this study was 81 (42 patients in the selective group and 39
patients in the whole-liver group)
TACE transcatheter arterial chemoembolization, NR not reported, HBV hepatitis B virus, HCV hepatitis C virus, EPJ epirubicin, SFU 5-fluo-
rouracil, CDDP cisplatin, DOX doxorubicin

Contflict of interest None.
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Abstract

Objective The aim of this study was to compare short-term surgical results in pancreatic cancer patients who underwent
surgical resection after neo-adjuvant chemoradiation therapy (NACRT) using S-1.

Methods The study population comprised 77 patients with pancreatic cancer between 2006 and 2010. Out of 34 patients who
underwent staging laparoscopy between 2008 and 2010, 31 patients without occult distant organ metastasis underwent
chemoradiation and of whom 30 underwent pancreatectomy (NACRT group). Of the other 43 patients, 36 underwent surgical
resection in 2006-2008, followed by adjuvant therapy (adjuvant group). The primary endpoint was frequency of pathological
curative resection (RO).

Results The new regimen of NACRT was feasible and safe. Twenty-eight of 30 (93%) patients in the NACRT group had RO
resection, which was significantly higher than in the adjuvant group (21 of 36 patients, 58%, p=0.005). The number and
extent of metastatic lymph nodes in the NACRT group (1 (0-25), N0/1; 18 of 38) was significantly lower than in the adjuvant
group (2 (0-19), NO/1; 23 of 30), p=0.0363). The frequency of intractable ascites in the NACRT group (eight of 30) was
significantly higher than in the adjuvant group (two of 36, p=0.035).

Conclusion Neo-adjuvant chemoradiation therapy using S-1 followed by pancreatectomy can improve the rate of pathologically
curative resection and reduces the number and extent of lymph node metastasis.

Keywords Chemoradiation - S-1 - Adjuvant chemotherapy - Introduction

Residual tumor grading - Mortality and morbidity

Pancreatic cancer is a lethal disease with a poor prognosis,
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Neo-adjuvant chemoradiation therapy (NACRT) has sev-
eral possibilities, such as improved patient selection after the
re-staging evaluation, increased resectability rate with clear
margins (RO resection), and a decreased rate of metastatic
lymph nodes (LN) and local relapse.® We previously
reported that NACRT increased the resectability rate with
clear margins and decreased the rate of metastatic spread to
the lymph nodes, resulting in a significant improvement of
the 5-year actual survival rate in curative cases with pancre-
atic cancer and who had not received adjuvant therapy.”™"'
However, there were three limitations and/or issues associ-
ated with our previous study that need to be addressed.
Firstly, approximately 20% of patients who underwent
NACRT did not undergo subsequent surgical resection be-
cause of tumor progression or newly developed distant
organ metastases. Secondly, no partial or complete
responses were observed after pre-operative chemoradiation
using low-dose S-fluorouracil and cisplatin or gemcitabine
(400 mg/m>, three times in 4 weeks). Finally, although the
actual disease-free survival rate at 1 year was approximately
50%, this was similar to that of the surgery-alone group. To
address these issues, we have introduced a new strategy of
treating patients with pancreatic cancer.

The objective of this study was to investigate the short-
term results in patients with pancreatic cancer after surgical
resection following NACRT using S-1 '2 an orally adminis-
tered drug consisted of a combination of tegafur, S-chloro-
2,4-dihydroxypyridine, and oteracil potassium.

Patients and Methods

Between January 2006 and September 2010, 103 consecu-
tive patients with a clinical diagnosis of pancreatic ductal
adenocarcinoma met our resectability criteria”'® and were
regarded as potentially or borderline resectable or unresect-
able pancreatic cancer patients, as defined by the National
Comprehensive Cancer Network (NCCN) guideline.'® This
diagnosis was made using cine-imaging multi-detector row
CT (MDCT) at Kansai Medical University Hospital. The
patients who were expected to achieve pathologically cura-
tive resection by Appleby operau;ion14 or distal pancreatec-
tomy with the celiac axis (CA) resection' were also eligible
for this study. Cases involving an endocrine tumor of the
pancreas, intraductal papillary mucinous cancer, acinar cell
cancer, anaplastic cancer, duodenal cancer, distal common
bile duct cancer, or ampullary cancer were excluded. The
period during which the patient was treated determined
which group they were classified under, namely adjuvant
(2006-2008) or NACRT (2008-2010) groups (Fig. 1).

Adjuvant Group Between January 2006 and September
2008, among 48 consecutive patients, 43 with T3/T4
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Assessed for eligibility n=48

2008-2010 i
l Assessed for eligibility n=55 |

l Excluded (n=5)

— + T1/T2 (n=5)
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| » Other (n=2)

[ Staging laparoscopy n=37 ;

Liver mets (n=2) :
Peritoncal mets (n=1) |

NACRT group n=34 Adjuvant group n=43

Fig. 1 Study profile

pancreatic cancer (International Union Against Cancer
(UICC) classification, sixth edition'®) who met our resect-
ability criteria®'® were classified as the adjuvant group, as
shown in Fig. 1. Peri-operatively, all 43 patients had path-
ological evidence of pancreatic ductal adenocarcinoma. It
was planned that all patients in the adjuvant group who
underwent pancreatectomy would then receive adjuvant
chemotherapy comprising weekly gemcitabine (1,000 mg/
m?) with three times in 4 weeks and a total of 18 times of
gemcitabine administration.

NACRT Group In October 2008, we introduced a new strat-
egy for treating T3/T4 pancreatic cancer patients (UICC
classification, sixth edition'®) who met our resectability
criteria,”'? and all patients since that date have been treated
with this method, as described below. The main criteria for
inclusion in this NACRT group were (1) T3/T4 pancreatic
cancer (UICC classification, sixth edition'®) and coincided
with our resectability,”'® (2) confirmation of pathological
evidence of pancreatic cancer, (3) no distant organ metasta-
sis under the staging laparoscopy, and (4) introduction of
adjuvant chemotherapy. There were 55 consecutive patients
with clinically diagnosed pancreatic cancer between Octo-
ber 2008 and September 2010. Eighteen patients were ex-
cluded due to no pathological evidence (n=4), pre-operative
diagnosis of lower bile duct cancer (n=4), localized tumor
within pancreatic parenchyma (n=3), patients’ refusal (n=
3), poor performance status (n=2), and other reasons (n=2).
The remaining 37 patients underwent staging laparoscopy,
following which three additional patients with occult liver
(n=2) and peritoneal (n=1) metastases were also excluded.
Thus, eventually, 34 patients underwent the planned
NACRT (described below) and were classified as the
NACRT group (Fig. 1). The tumor extension in these
patients was re-evaluated by cine-imaging MDCT 3 weeks
after NACRT. It was planned that all patients in whom the
MDCT did not show progressive disease or the development
of newly distant organ metastasis would undergo
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pancreatectomy at approximately 1 week after this re-
evaluation. All patients who underwent pancreatectomy fol-
lowing NACRT were to undergo adjuvant chemotherapy
with the same regimen as patients in the adjuvant group.

Regimen of NACRT Following the result of the phase I trial
of S-1 with concurrent radiotherapy by Ikeda et al.,’? radio-
therapy was administered by 10 or 15 MV photons using
three-dimensional treatment planning. A total dose of
50.4 Gy was delivered in 28 fractions over 5.5 weeks. The
clinical target volume (CTV) included only the gross pri-
mary tumor and nodal involvement enlarged over 10 mm, as
detected by computed tomography. Elective nodal irradia-
tion was not used. The planning target volume was defined
as CTV plus a 10-mm margin in the lateral direction and 10—
20-mm margin in the craniocaudal direction to account for
respiratory organ motion and daily setup error. The four-
field technique was used. S-1 was administered orally, twice
daily (80 mg/m®/day) on the day of irradiation (Monday to
Friday) during radiotherapy.

Extent of Lymph Node and Nerve Plexus Dissection LN
dissection around the CA, superior mesenteric artery
(SMA), middle colic artery (MCA), superior mesenteric
vein (SMV), para-aortic region, and of the hepatoduodenal
ligament and right-sided dissection of the nerve plexus
around the CA and the SMA was carried out in patients
who underwent pancreaticoduodenectomy. In patients who
underwent distal pancreatectomy, LN dissection around the
CA, SMA, MCA, SMV, and para-aortic region was per-
formed in all patients, while left-sided dissection of the
nerve plexus around the CA and the SMA was limited to
patients with pancreatic body cancer. In a few cases, distal
pancreatectomy with celiac axis resection was performed.

Post-operative morbidity and mortality, defined as in-
hospital death due to any cause, were also recorded. In-
formed consent was obtained from all patients according
to institutional regulations, and this study was approved by
the local ethics committee. Patient data were obtained from
the prospective database of pancreatobiliary disease at Kansai
Medical University Hospital.

Endpoints and Statistical Analysis The primary endpoint
was the frequency of pathological curative resection (R0)
defined by residual tumor grading. The specimen was seri-
ally cut with the thickness of 5 mm. All of these were
histologically examined according to “General Rules for
the study of pancreatic Cancer'”.”” Within the general rule,
when all of surgical margin factors, such as the pancreatic
and bile duct transection margins and dissected peri-
pancreatic tissue margin, were negative, we determined no
residual tumor (RO). If at least one of them was positive,
pathological residual tumor (R1) was determined.

Furthermore, the stumps of the nerve plexus and the retro-
peritoneal tissue were pathologically examined indepen-
dently of the resected specimen, in order to evaluate, in
detail, the extent of resection (namely RO or R1) in the
NACRT group. Secondary endpoints were feasibility of
NACRT and its associated adverse effects, response rate
defined by Response Evaluation Criteria in Solid Tumor,!®
pathological tumor grading defined by Evans classifica-
tion,'” and safety of pancreatectomy following NACRT.
The study design to predict the number of patients necessary
for statistical validity (two-sided) was based on the premise
of improving the rate of pathologically curative resection
from 70% to 90%, with the « set at 0.05 and the S set at 0.2,
yielding a power of 80%. It was calculated that 30 patients
were required in this study group. The countable data were
expressed as the median and range. The countable data
using Mann—Whitney U test or the category data using
Fisher’s exact test or chi-square test were compared between
the NACRT and adjuvant groups. Results were considered
significant at p<0.05.

Results

Clinical Courses of Patients in NACRT and Adjuvant
Groups As shown in Fig. 2, among 34 patients in the
NACRT group, one patient withdrew her consent to continue
NACRT treatment due to grade | nausea and fatigue; she
underwent pancreatectomy 19 days after discontinuation of
NACRT. MDCT for re-evaluation showed the presence of
multiple liver metastases in two patients, and one patient
refused subsequent pancreatectomy due to poor performance
status. Among 31 patients who underwent open laparotomy,

i NACRT group | | Adjuvant group |

Initial CT n=34 n=43
T =1
{ CRT ¢ -
Restaging | n=33 7Z~ L2/Refusall
o v v
pen | _ !
laparotomy L= n=31 ~
P1 L4/P2/Locall

Pancreatectomy n=30 ’ n=36

(88%) | (84%)

Fig. 2 Clinical course of NACRT and adjuvant groups. Asterisk the
patient who had refused to continue this regimen underwent pancrea-
tectomy without re-evaluation. L liver metastasis, P peritoneal metas-
tasis, Local locally advanced tumor
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one patient incidentally had occult peritoneal metastases.
Consequently, 30 out of the 34 patients underwent pancrea-
tectomy in NACRT group.

In the adjuvant group, seven patients did not undergo
pancreatectomy because of liver metastasis (n=4), peritone-
al metastasis (n=2), and progressive local disease (n=1)
which became apparent during open laparotomy. Thus,
eventually, 36 of 43 patients underwent surgical resection
in the adjuvant group. There was no difference in the surgi-
cal resectability rate between the two groups.

Radiological Response and Adverse Effects of Chemoradio-
therapy A total of 33 out of 34 patients completed the
regimen of NACRT and were evaluated for efficacy in
terms of radiological response at 3 weeks after the end
of CRT. The patient who had refused to continue this
regimen underwent pancreatectomy without re-
evaluation. Complete response was not observed in
any patient. Partial response and stable disease were
achieved in six and 11 patients, respectively. The over-
all response rate and disease control rate were 18% and
88.0%, respectively. Twenty-five of 34 patients in NACRT
group had pancreatic cancer with radiographic findings of
portal or superior mesenteric vein (PV/SMV) invasion at
pre-NACRT period. Six of nine patients with PV/SMV in-
volvement demonstrating tumor abutment had tumor shrink-
age with no radiographic evidence of PV/SMV abutment after
NACRT. Three of 16 patients with PV/SMV involvement
with impingement and narrowing of the lumen had tumor
shrinkage with no radiographic evidence of PV/SMV abui-
ment after NACRT. A total of 33 patients were evaluated for
toxicity of NACRT as shown in Table 1. Adverse events were
reported in 18 (55%) patients. No on-treatment deaths or grade
4 toxicity occurred. The most severe hematologic toxicity was
leukocytosis (grade 3), reported in only one patient (3.0%).
Grade 3 anorexia and fatigue were each seen in one patient
(3.0%). Problems with biliary stenting were seen in seven
patients (21%), who underwent procedures to replace the
stenting. All toxicities were tolerable and reversible after
temporarily withholding therapy.

Comparisons of Surgical and Pathological Resulis Between
NACRT and Adjuvant Groups There were no significant
differences in the clinical backgrounds between NACRT and
adjuvant groups, apart from the resectability status defined by
NCCN'? as shown in Table 2. A significantly higher frequen-
cy of borderline resectable and unresectable pancreatic cancer
was seen in the NACRT group relative to the adjuvant group
(p=0.022). No significant differences were seen in operative
factors between the two treatment groups, as shown in Table 3.
Resection of other organs, including vascular resection, was
carried out in 17 of 36 patients in the adjuvant group and 19 of
30 patients in NACRT group.

_@_ Springer

Regarding the rate of pathologically curative resection
(RO), which was the primary endpoint in this study, 28 of 30
(93%) patients in NACRT group had RO resection, which
was significantly higher than the rate in the adjuvant group,
where 21 of 36 (58%) patients had RO resection (p=0.005).
The reason of R1 resections of two patients in the NACRT
group was the SMA margin.>® The SMA margins were
positive in 12 of 13 patients with R1 resections and in all
patients with R2 resections (n=2). The neck margins were
positive in the residual one of 13 patients with R1 resections
and in one of two patients with R2 resections.

The number of metastatic lymph nodes in the NACRT
group was significantly lower than the adjuvant group (p=
0.0363). When comparing the extent of metastatic lymph
nodes, the frequency of N0/1 in the NACRT group was higher
than in the adjuvant group (p=0.041). The lymph node ratio in
the NACRT group was significantly lower than that in the
adjuvant group (p=0.032). There was a tendency for a lower
rate of negative lymph nodes in the NACRT group relative to
the adjuvant group, but the difference did not reach statistical
significance. In the NACRT group, there were three patients
with T1/2 defined by pathological findings, with evidence of
down-staging. Pathological effect, as defined by Evans clas-
sification'®, was grade IIA (n=21), IIB (n=7), and IIl (n=2).

Comparisons of Post-operative Mortality and Morbidity
Between NACRT and Adjuvant Groups With one exception,
there were no significant differences in mortality and mor-
bidity between the two groups (Table 4). The exception was
rate of intractable ascites, defined as drug resistance or
ascites needed paracentesis, which was significantly higher
in the NACRT group (eight of 30 patients, 27%) compared
with the adjuvant group (two of 36 patients, 6%) (p=0.035).
Diarrhea needing oral administration of loperamide hydro-
chloride and tincture of opium was reported in five of 36
(14%) patients in the adjuvant group and in nine of 30
(30%) patients in the NACR group, but the difference was
not significant (p=0.138). There were three in-hospital
deaths in the NACRT group. They had borderline resectable
pancreatic cancer that needed vascular resection and/or other
organ resection such as colon, adrenal gland, or stomach.
They had adverse events of grade 2 anorexia and/or fatigue
during NACRT. Postoperatively, three patients had anasto-
motic failure of the colon followed by liver failure, massive
ascites followed by aspiration pneumonia, or fungemia fol-
lowed by multiple organ dysfunction syndrome.

Discussion

In the majority of patients with pancreatic cancer, the tumor
is classified as unresectable at diagnosis, and only
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Table 1 Toxicity of NACRT

0 2 3 4 G1-G4 (%) G3-G4 (%)
Hematologic Leucopenia 29 1 3 1 0 15 3.0
Neutropenia 32 0 2 0 0 6.0 0
Anemia 33 1 0 0 0 3.0 0
Thrombocytopenia 34 0 0 0 0 0 0
Non-hematologic Nausea 33 1 0 0 0 3.0 0
Vomiting 33 0 1 0 0 3.0 0
Anorexia 21 5 7 1 0 38 3.0
Diarrhea 33 0 1 0 0 3.0 0
Fatigue 27 0 6 1 0 21 3.0
‘Weight loss 25 7 2 0 0 26.4 0
Gastric ulcer 33 0 1 0 0 3.0 0
DVT 33 0 1 0 0 3.0 0
Skin rash 33 0 1 0 0 3.0 0
Toxicity was graded according Fever 26 8 0 0 0 235 0
to Common Terminology Crite- Stent trouble 22 0 0 7 0 208 20.8

ria for Adverse Events v4.0 No adverse events n=15

DVT deep vein thrombosis

approximately 20% of patients are indicated for surgical
resection. Even after “curative” resection, patients with pan-
creatic cancer face a 50-80% local recurrence rate and a 25~
50% chance of developing distant metastases in the perito-
neum and liver, resulting in an actual 5-year survival rate of
approximately 10%."™ Recently, some randomized studies
have shown favorable results in pancreatic cancer patients
who underwent curative resection followed by adjuvant
therapy, reporting median survival times within the range
of 20.1-23.6 months.*** A systematic review and meta-
analysis by Gillen et al. showed that an estimated median
survival time of patients with resectable pancreatic cancer
who underwent surgical resection following neo-adjuvant
therapy was similar to those of patients who had adjuvant
therapy.”* Recently, a few centers have reported better actual
survival rate in patients with pancreatic cancer who under-
went surgical resection following NACRT. For example, the

M.D. Anderson Cancer Center Group showed that the actual
S-year survival rate of patients after multidisciplinary man-
agement including surgical resection was 27%,>° and in
patients with resectable pancreatic head cancer who under-
went surgical resection following preoperative gemcitabine-
based chemoradiation, the actual 5-year survival rate was
36%.%° Our previous study®™" demonstrated that the actual
S-year survival and disease-free survival rates in the pre-
CRT group, who did not receive adjuvant chemotherapy,
were significantly longer than in the surgery-alone group, in
a sub-group analysis of patients who underwent curative
resection. In fact, the actual survival curves in these studies
demonstrated that a fall of the survival curve within 3 years
after surgical resection, plateaued when it passed the 3-year
mark. Thus, surgical resection following NACRT can be
associated with improvement of long-term survival rate
through good local disease control. In our previous study,

Table 2 Clinical background

between NACRT and adjuvant Parameter Adjuvant (1=36) NACRT (n=30) p value
groups

Sex (male/female) 25:11 15:15 0.133

Age (years)* 68 (51-81) 65.5 (36-79) 0.107

CA19-9 (U/ml)* 127 (6-1,729) 247 (1-2,232) 0.067

Diabetes mellitus (+/-) 10:26 11:19 0.596

Obstructive jaundice (+/~) 30:6 20:10 0.153

Albumin (g/dl)* 3.8(1.94.4) 3.6 (2-4.3) 0.286
PR potentially resectable pan- Hemoglobin (g/dl)* 12.1 (7.9-15.2) 11.4 (9.1-13.9) 0.142
creatic cancer, BR borderline re- Platelet count (x10*)® 24 (12-43) 21 (13-40) 0.908
sectable pancreatic cancer, UN PR vs BR/UN 19:17/0 7:2172 0.022
unresectable pancreatic cancer Stent exchange (+/-) 3.33 723 0.089
“Values are median (range)
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Table 3 Comparisons of surgical results between NACRT and adjuvant groups

Parameter Adjuvant (1=36) NACRT (n=30) p value
Extent of blood loss (ml) 999 (324-5,238) 1,376 (438-3,853) 0.151
Op time (min) 514 (210-672) 531 (380-711) 0.146
Op type (PD/PpPD/DP/TP) 22:8:5:1 22:1:6:1 0.112
PV resection (+/-) 14:22 17:13° 0.216
CA/CHA resection (+/-) 0:36 2:28 0.203
Blood transfusion (none/auto/allo) 4:23:9 8:13:9 0.166
Location (Ph/Pbt) 315 22:8 0.227
Tumor size (mm) 32.5 (23-65) 30 (10-65) 0.341
Numbers of harvested LNs 26 (7-56) 33 (6-65) 0.340
Numbers of metastatic LNs 2 (0-19) 1 (0-25) 0.0363
Lymph node ratio® 0.07 (0-0.62) 0.02 (0-0.38) 0.032
N (=) 8:28 14:16 0.065
N 0/1:2/3 18:18 23:7 0.041
T 1/2:3/4 0:36 3:27 0.089
RO:1:2 21:13:2 28:2:0 0.005
Evans classification (ILA/IIB/IIT) N/E 21:7:2

TNM classification was defined by Japanese Pancreas Society

NACRT neo-adjuvant chemoradiation therapy, Op operation, PD pancreaticoduodenectomy, PpPD pylorus preserving pancreaticoduodenectomy,
DP distal pancreatectomy, TP total pancreatectomy, PV portal vein, CA celiac axis, CHA common hepatic artery, auto autologous blood transfusion,
allo allogeneic blood transfusion, Ph pancreatic head, Pbr pancreatic body and tail, LN lymph node, R0 negative microscopic margin, R/ positive

microscopic margin, R2 positive gross margin

* Lymph node ratio is calculated as number of metastatic lymph nodes/harvested lymph nodes

b One patient who underwent renal vein resection was included

approximately half the patients who underwent curative
resection had disease recurrence at 1 year in both the

Table 4 Comparison of morbidity and mortality between NACRT and
adjuvant groups

Parameter Adjuvant NACRT p value
Overall complication (+/-) 12:24 10:20 1.000
Mortality (+/-) 0:36 3:27 0.098
Re-operation/no re-operation 0:36 1:29 0.455
DGE (+/-) 3:33 2:28 1.000
POPF (+/-) 7:29 1:29 0.063
Grade A/B/C 4:3:0 1:0:0 0.245
‘Wound dehiscence (+/—) 4:32 6:24 0.492
Intra-abdominal abscess (+/—) 1:35 1:29 1.000
Cholangitis (+/-) 0:36 2:28 0.203
Pneumonia (+/—) 0:36 2:28 0.203
Bile leakage (+/-) 0:36 0:30 -
PPH (+/-) 0:36 0:30 -
Intractable ascites (+/—) 2:34 8:22 0.035
Diarrhea (+/-) 5:31 9:21 0.138

DGE delayed gastric emptying, NACRT nco-adjuvant chemoradiation
therapy, POPF post-operative pancreatic fistula, PPH post-
pancreatectomy hemorrhage

@_ Springer

NACRT and surgery-alone groups. NACRT followed by
surgical resection did not have enough power to improve
the short-term survival rate and the frequency of early liver
metastases, which was one of the major post-operative recur-
rence sites.

There were several limitations and issues with our previ-
ous study that we aimed to resolve in this present study,
namely (1) approximately 20% of patients who received
pre-operative CRT did not undergo surgical resection be-
cause of progressive disease, resulting in a median survival
time of 5.5 months (unpublished data); (2) surgical resection
followed by pre-operative CRT only did not improve the
short-term results; and (3) the previous regimen of pre-CRT
was not aggressive enough to achieve tumor shrinkage.
Therefore, we introduced (1) staging laparoscopy before
patient recruitment to the new regimen of NACRT, (2)
standard adjuvant chemotherapy, and (3) full dose of S-1
(80 mg/m?) and radiotherapy (50.4 Gy).

S-1 is an orally administered drug, which is a combina-
tion of tegafur, 5-chloro-2,4-dihydroxypyridine, and oteracil
potassium. Very recently, the results of the gemcitabine and
S-1 trial study (a randomized, prospective, open-label,
three-arm, and phase III study) were presented to the public
at the annual meeting of the American Society of Clinical
Oncology 2011.*” The results showed that oral S-1 provided
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Table 5 Surgical results of neo-adjuvant chemoradiation therapy

Authors (reference Year of No of Regimen of Resection rate;  Vascular resection RO Negative LN mets

number) publication patients CRT n (%) rate; n (%) (%) rate (%)

White et al.*? 2001 53 5-FU based 28 (53) 2(7) 71 19 (70)
(45 Gy)

Moutardier et al.** 2004 61 5-FU based 40 (66) 5(13) 95 30 (75)
(60 Gy)

Evans et al.*® 2008 86 GEM (30 Gy) 64 (74) 13 (20) 89 40 (63)

Le Scodan et al.®® 2009 41 5-FU based 26 (63) N/A 80.7 12 (46)
(50 Gy)

Ohigashi et al.>® 2009 38 GEM 31 (82) 17 (55) 97 28 (90)
(50.4 Gy)

Turrini et al.>’ 2010 34 Docetaxel- 17 (50) N/A 100 13 (76)
based (45)

Stokes et al.*® 2011 40 Capecitabine 16 (25) 4 (25) 88 13 (81)
(50 Gy)

Present study - 34 S-1 (50 Gy) 30 (88) 17 (57) 94 14 (47)

CRT chemoradiation therapy, 5-FU 5-fluorouracil, GEM gemcitabine, LN lymph node, mets metastasis, N/4 not available

similar efficacy and tolerable toxicity to gemcitabine when
used as first-line treatment for unresectable pancreatic can-
cer. The response rates of gemcitabine, S-1, and gemcita-
bine+S-1 were 13.3%, 21.0%, and 29.3%, respectively. In
addition to the benefit of the oral drug on its own, the
combination of S-1 and radiotherapy has been demonstrated
to exert a synergistic effect against 5-FU-resistant cancer
xenografts.**° The response rate of CRT using S-1 was
around 20% in phase I and II studies in patients with
unresectable pancreatic cancer'**%3? As expected, our
results showed that the response rate and disease control
rate of NACRT using S-1 were 18% and 88.0%, respective-
ly. To our knowledge, this is the first study of NACRT using
S-1 and concurrent radiation for patients with resectable
pancreatic cancer.

Despite the fact that we excluded patients with occult
metastasis by using staging laparoscopy before study entry
for NACRT, three of 34 patients had occult liver or perito-
neal metastasis after NACRT. During the 9 weeks between
study entry and surgical resection, approximately 10% of
pancreatic cancer patients had progressive disease. In this
study, the majority of patients who underwent NACRT
using S-1 did not suffer from severe adverse effects, and
33 of 34 patients completed this regimen. However, seven of
34 (21%) NACRT patients required hospitalization because
of cholangitis, resulting in a delay of the operation date. The
primary endpoint of pathologically curative resection rate in
this study showed a statistically significant difference in
favor of NACRT over the adjuvant group, despite the fact
that the NACRT group had a higher frequency of borderline
resectable and unresectable pancreatic cancer cases. In this
study, we pathologically examined the cut stump of the
nerve plexus and retroperitoneal tissue independently in all
cases, which was the main reason for a positive surgical

margin (R1 resection). Moreover, there was a tendency for a
higher rate of negative lymph node metastasis in the
NACRT group than in the adjuvant group, but this did not
reach statistical significance because of the small sample
size. The frequency of NO and N1 and number of metastatic
lymph nodes in the NACRT group were significantly im-
proved relative to those in adjuvant group. Most studies
have reported that predictive factors for prognosis in
patients with pancreatic cancer were pathologically curative
resection and negative lymph node metastasis.'™ In addi-
tion to our results, some authors have reported the promising
results of a higher rate of RO resection (70~100%) and lower
rate of metastastic lymph nodes (46-90%) in patients who
underwent surgical resection following NACRT, as summa-
rized in Table 5.2%%73%

We recognize that a limitation of our study was its pro-
spective non-randomized design. Approximately 30% of
patients were excluded before staging laparoscopy in the
NACRT group due to no pathological evidence of pancre-
atic cancer, misdiagnosis of bile duct cancer, and so on. In
contrast, 43 of 48 patients were included in the adjuvant
group; the five excluded patients had T1/2 pancreatic can-
cer. Consequently, the frequency of borderline resectable
pancreatic cancer in the NACRT group was significantly
higher than in the adjuvant group. However, irrespective of
this one important difference in the baseline characteristics
between the two groups, the primary endpoint of this study
was still reached.

Although there were no statistical differences in morbid-
ity and mortality between the two groups, three in-hospital
deaths were observed in the NACRT group. The common
clinical features of these three patients were borderline re-
sectable pancreatic cancer, grade 2 anorexia or fatigue dur-
ing CRT, and other organ resection including vascular

@ Springer
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resection. Gillen et al.** reported that in-hospital mortality
after neo-adjuvant treatment and tumor resection was esti-
mated at 2.2—6.0% in resectable patients and at 5.1-9.5% in
non-resectable patients. In this present study, 23 of 30 (77%)
patients in the NACRT group had borderline resectable and
unresectable pancreatic cancer, and 17 of 30 (57%) patients
underwent pancreatectomy with vascular resection. The pa-
tient population in the NACRT group had shifted to an
advanced stage. Thus, special attention should be paid to
patients with advanced pancreatic cancer who undergo this
new type of surgical strategy.

In conclusion, in this study, NACRT using the orally
administered drug S-1 resulted in a better response rate than
was seen among the patients in the adjuvant group; it was
also feasible and safe. Pancreatectomy after NACRT im-
proved the rate of pathologically curative resection and
reduced the number and extent of lymph node metastasis.
A large-scale randomized controlled trial will be needed to
confirm the clinical efficacy of NACRT.
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Abstract

Background: The aim of this study was to evaluate the efficacy and feasibility of preoperative chemotherapy with S-1 plus cisplatin in pa-
tients with initially unresectable locally advanced gastric cancer.

Methods: We enrolled patients with initially unresectable locally advanced gastric cancer because of severe lymph node metastases or in-
vasion of adjacent structures. Preoperative chemotherapy consisted of S-1 at 80 mg/m? divided in two daily doses for 21 days and cisplatin
at 60 mg/m” intravenously on day 8, repeated every 35 days. If a tumor decreased in size, patients received 1 or 2 more courses. Surgery
involved radical resection with D2 lymphadenectomy.

Results: Between December 2000 and December 2007, 27 patients were enrolled on the study. No CR was obtained, but PR was seen in 17
cases, and the response rate was 63.0%. Thirteen patients (48.1%) had RO resections. There were no treatment related deaths. The median
overall survival time (MST) and the 3-year overall survival (OS) of all patients were 31.4 months and 31.0%, respectively. Among the 13
patients who underwent curative resection, the median disease-free survival (DFS) and the 3-year DFS were 17.4 months and 23.1%, re-
spectively. The MST and the 3-year OS were 50.1 months and 53.8%, respectively. The most common site of initial recurrence after the RO
resection was the para-aortic lymph nodes.

Conclusions: Preoperative S-1 plus cisplatin can be safely delivered to patients undergoing radical gastrectomy. This regimen is promising
as neoadjuvant chemotherapy for resectable gastric cancer. For initially unresectable locally advanced gastric cancer, new trials using more
effective regimens along with extended lymph node dissection are necessary.

© 2011 Elsevier Ltd. All rights reserved.

Keywords: Neoadjuvant chemotherapy; Lymph node dissection; Bulky lymph node; TS-1; Cisplatin; Para-aortic lymph node

Introduction anticipated in the year 2003 and the 5-year survival rate

of gastric cancer diagnosed from 1993 to 1996 was

Gastric cancer is still one of the most common cancers
in the world; 876,000 new cases were anticipated world-
wide in the year 2000." In Japan, 110,323 new cases were

* Corresponding author. Tel./fax: +81 72 804 2865.
E-mail address: inoueke @hirakata.kmu.ac.jp (K. Inoue).

0748-7983/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ejs0.2011.11.009

54.4%.%°

Currently, surgery remains the mainstay of curative
treatment. However, only an RO resection is associated
with significant cure rates. Patients having microscopic
(R1) or macroscopic (R2) residual tumor have an extremely
poor prognosis.
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Preoperative and neoadjuvant chemotherapy represent
investigational options. The rationale of preoperative che-
motherapy is based on the difficulty of performing an RO
resection in patients with initially unresectable locally ad-
vanced tumors and the high risk of micrometastatic disease
in these patients. Neoadjuvant chemotherapy has potential
for resectable gastric cancer for the purpose of treating
micrometastases.

Intensive chemotherapy is necessary for the improve-
ment of the RO resection rate and complete elimination of
the micrometastases. However, it is difficult for patients
who undergo gastrectomy to tolerate intensive chemother-
apy. Because weight decreases by gastrectomy, it is neces-
sary to reduce the dose of chemotherapy. The tolerance to
chemotherapeutic agents with digestive organ toxicity
was often reduced by gastrectomy-related gastrointestinal
effects.

S-1 (TS-1, Taiho Pharmaceutical, Tokyo, Japan) is an
orally active combination of tegafur (a prodrug that is con-
verted by cells to fluorouracil), gimeracil (an inhibitor of
dihydropyrimidine dehydrogenase, which degrades fluoro-
uracil), and oteracil (which inhibits the phosphorylation
of fluorouracil in the gastrointestinal tract, thereby reducing
the gastrointestinal toxic effects of fluorouracil) at a molar
ratio of 1:0.4:1. The response rate of S-1 alone exceeded
40% in two phase 2 trials involving patients with metastatic
gastric cancer.™® The combination chemotherapy of S-1
plus cisplatin (CDDP) achieved a high response rate
(74%, 95%CI: 54.9—90.6) in a previous phase /Il study
of patients with metastatic gastric cancer.’

These factors led us to perform the current phase II trial
to investigate the use of an active preoperative chemother-
apy regimen. The primary objectives of the trial were to in-
vestigate tolerance to the preoperative regimen, its effects
on operative morbidity and mortality, and the response
rate. Secondary objectives included evaluation of the RO re-
section rate, disease-free and overall survival, and failure
pattern.

Patients and methods
Patients

The study was conducted as a prospective multi-
institutional phase II trial by the Osaka Gastrointestinal
Cancer Chemotherapy Study Group (OGSG) in Japan. All
patients had histologically confirmed adenocarcinoma of
the stomach. They also had to have initially unresectable
locally advanced tumors because of invasion to adjacent
structures or severe lymph node metastases, staged by
contrast-enhanced CT as T2-3N2-3MO or T4NanyMO, ac-
cording to the Japanese Classification of Gastric Carcinoma
(2nd English Edition).® They also had to have lymph node
metastases that were measurable according to the RE-
CIST'? guidelines.” We did not require laparoscopic stag-
ing as an entry criterion for this study. Any sites of

suspected M1 disease had to be ruled out prior to entrance
into the study. No prior chemotherapy or radiation was al-
lowed. The age range was 20—75 years. The performance
status (ECOG) was O from 1.

Because of the worse prognosis of type IV gastric cancer,
also known as scirthous or linitis plastica, we excluded such
cases.'® Acceptable hematologic profile (WBC = 4000 cells/
mm®, hemoglobin = 8.0 g/dl, platelets = 100,000 cells/
mm?), and renal (BUN = 25 mg/dl, creatinine = 1.2 mg/dl
and/or creatinine clearance > 60 ml/min) and hepatic function
(total serum bilirubin < 1.5 mg/dl) were required. In addition,
certain respiratory function test results (ratio of the forced expi-
ratory volume in one second Z 50%, PaO2 in room
air = 70 mmHg) were required criteria. No clinically signifi-
cant auditory impairment was allowed. Patients with prior can-
cer diagnosed during the previous 5-year period (except for
colon carcinoma in situ) were excluded. Other exclusion criteria
included significant cardiac disease, pregnancy or serious infec-
tions. The protocol was reviewed and approved by the Institu-
tional Review Board of each institution. All patients gave
written informed consent.

Preoperative chemotherapy

Patients found to have locally advanced gastric cancer as
defined above, received two cycles of S-1 plus cisplatin ev-
ery 35 days. Preoperative chemotherapy consisted of S-1 at
80 mg/m* divided in two daily doses for 21 days and cis-
platin at 60 mg/m> intravenously on day 8. Physical exami-
nation, abdominal CT scan and assessment of toxicity were
performed prior to each cycle. The response measurement of
the preoperative chemotherapy was carried out according to
the RECIST" guidelines. Because it was preoperative che-
motherapy, response was not confirmed at least 4 weeks
apart. Toxicity was recorded and graded according to the Na-
tional Cancer Institution Common Toxicity Criteria (NCI-
CTC,) version 2.0 scale. Operative complication was graded
according to the Common Terminology Criteria for Adverse
Events v4.0 (CTCAE v4.0). If a tumor decreased in size, ac-
cording to protocol criteria, we added 1 or 2 more courses. If
curative resection was considered possible after planned
chemotherapy, the patient had surgery. If curative resection
was considered difficult, a further course of chemotherapy
was added. The doses of both agents were attenuated for
grade =3 toxicities, using standard reduction criteria.

Surgery

The surgery was planned for 3—6 weeks from the day of
last administration of chemotherapy. Surgery involved
a radical resection, the extent of which (total or distal gas-
trectomy) depended on the site of the primary tumor, with -
a D2 lymphadenectomy. We performed D2 or more dissec-
tion in patients with metastasis to N3 lymph nodes before
chemotherapy. Spleen preservation in total gastrectomy
procedure was entrusted to the decision of each clinician.
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Patients in whom curative resection was impossible under-
went palliative operation. The postoperative treatment was
left to the decision of each physician.

Biostatistical considerations

The 3 primary end points of the study were as follows;
1) tolerance to preoperative chemotherapy, 2) operative
morbidity and mortality, and 3) objective response rate
(ORR). Secondary end points were RO resection rate, fail-
ure pattern, and disease-free and overall survival. One of
the primary end points was ORR. The number of patients
to be enrolled was calculated at 24, which was required
given the assumption that the 95% confidence interval
(CI) would be +20%, assuming an expected response rate
of 60%. Finally, we set the number as 30 patients in consid-
eration of disqualified patients. The early stopping criterion
of the trial was 3 treatment related deaths. Analogous sam-
ples were used to estimate the response rate, RO resection
rate, operative morbidity and mortality, and incidence of
treatment related grade 3—4 toxicity. Overall survival
(OS) of all patients was calculated from the day of registra-
tion in the trial. OS and disease-free survival (DFS) of the
patients who underwent RO resections were calculated from
the day of surgery. Survival distributions were estimated us-
ing the Kaplan—Meier method.

Follow-up

Following completion of chemotherapy and surgery, pa-
tients were followed at 3- monthly intervals until year 3.
Thereafter, 6-month follow-up visits were performed. CT
scans and appropriate blood studies were performed on
the occasion of each evaluation.

Results
Patient population

Between December 2000 and December 2007, 27 pa-
tients with initially unresectable local advanced gastric can-
cer were enrolled into the study from 9 institutions. As
shown in Table 1, the male to female ratio was 20:7. The
median age was 63 years. As for the histologic type, 15
cases were undifferentiated (including signet ring cell car-
cinoma) and 11 cases were differentiated type. One case
was classified as mucinous carcinoma. There were 3 cStage
IMa (11.1%) preoperatively, 8 cStage IIIb (29.6%), and 16
cStage IV (59.3%).

Preoperative chemotherapy

The median number of preoperative chemotherapy regi-
mens was 3 courses. Grade 3—4 toxicities associated with
preoperative S-1/CDDP are described in Table 2. Hemato-
logic toxicity (Grade 3/4) was 7.4% and non-hematologic

Table 1
Patient characteristics (n = 27).
Number %

Age, years Median (range) 63 (48—175)

Gender Male 20 74.1
Female 7 25.9

Histology Differentiated 11 40.7
Undifferentiated 15 55.6
Other 1 37

Pretreatment cStage T2N2MO (TITA) 3 11.1
T3N2MO (IIB) 7 25.9
T4NIMO (IIB) 1 3.7
T2N3MO (IV) 5 18.5
T3N3MO (IV) 6 22.2
T4N2MO (IV) 3 11.1
T4N3MO (IV) 2 74

toxicity (Grade 3/4) was 3.7%. Treatment was generally
well tolerated and no chemotherapy-related deaths were ob-
served. While there was no CR, there were 17 cases of PR
and the response rate was 63.0% [95%CI: 42.4—80.6]
(Table 2).

Operative outcome

All patients who were entered into this trial had initially
unresectable tumors. Nine patients were diagnosed as being
unresectable when chemotherapy was completed and did
not undergo surgery. Eighteen patients (66.7%) underwent
laparotomy (Table 3). Thirteen patients (48.1%) had RO re-
sections. Three patients (11.1%) underwent R1 surgery, be-
cause of positive results of peritoneal washing cytology.
Two patients underwent simple laparotomy because of peri-
toneal metastases or unresectable local extension of meta-
static lymph nodes. Postoperative complications are
described in Table 3. The incidence of complications was
22.2%. One patient underwent operative intervention be-
cause of pancreatic leakage; however, there were no
surgery-related deaths.

Table 2
Courses, responses and toxicities of preoperative chemotherapy.
n %
Courses Median (range) 3 (1—-9)
Response CR 0 0.0
PR 17 63.0
SD 6 22.2
PD 4 14.8
Toxicities Gradel/2 Grade3/4
n % n %
Neutropenia 10 37.0 2 74
Thrombocytopenia 3 111 1 37
Hemoglobin 21 77.8 1 3.7
Vomiting 7 259 1 3.7
Nausea 13 48.1 1 3.7
Diarrhea 4 14.8 1 3.7
Anorexia 17 63.0 1 37
Cerebral infarction 0 0 1 3.7
Treatment 0 0.0

related death
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Table 3
Operative outcome (n = 27).
Number %
No operation 9 333
Operation 18 66.7
RO resection 13 48.1
R1 resection 3 11.1
R2 resection 0 0
Simple Laparotomy 2 222
Complications
None 14 77.8
Pancreatic leak 3 (Grade 1: 2, Grade 4: 1) 16.7
Lymphorrhea 1 (Grade 1) 5.6
Anastomotic leak 0 0.0
Re-operation 1 5.6
Mortality 0 0.0

Seven of 9 patients who did not undergo surgery re-
ceived 2nd-line chemotherapy (S-1: 3 patients, S-1/CPT-
11: 2 patients, CPT-11/CDDP: 1 patient, Paclitaxel: 1 pa-
tient). Four of 5 patients who underwent R1-2 surgery re-
ceived further chemotherapy (S-1/Paclitaxel: 2 patients,
S-1: 1 patient, CPT-11/CDDP: 1 patient).

Overall survival of all patients

Only one patient was lost to follow-up at 8 months from
the first day of preoperative chemotherapy, but all other pa-
tients were followed more than three years. The median
overall survival time and the 3-year overall survival rate
of all patients were 31.4 months and 31.0% [95%CI:
17.5—55.1], respectively.

DFS, OS, and first relapse site of patients who
underwent RO resection

Thirteen patients underwent RO resection. The details of
these patients are shown in Table 4. Twelve of these 13

Table 4
Patients who underwent RO resection.

patients (92.3%) achieved PR after preoperative chemother-
apy. The median number of course of chemotherapy of
these patients was 3 (2—5). Of these patients, only 2 pa-
tients (15.4%) underwent D2 plus para-aortic lymph node
dissection (D3). Downstaging was observed in 11 patients
(84.6%). Seven of 13 patients received postoperative adju-
vant chemotherapy (S-1: 4 patients, S-1 plus CDDP: 1 pa-
tient, CPT-11: 1 patient, CPT-11/CDDP: 1 patient). To date,
recurrence has been diagnosed in 10 patients. First relapse
site of five of ten patients was para-aortic lymph nodes. The
median disease-free survival time and the 3-year disease-
free survival rate of the 13 patients were 17.4 months and
23.1% [95%CI: 8.6—62.3], respectively (Fig. 1A). The me-
dian overall survival time and the 3-year overall survival
rate of the 13 patients were 50.1 months and 53.8% [95%
CI: 32.6—89.1], respectively (Fig. 1B).

Discussion

The combination chemotherapy of S-1 plus cisplatin was
chosen because it had achieved a high response rate of 74%
(95%CI: 54.9—90.6) in previous phase I/II study of patients
with metastatic gastric cancer. The incidences of severe
(Grade 3/4) hematological and non-hematological toxicities
were 15.8 and 26.3%, respectively.” A randomized con-
trolled trial in Japan showed the superiority of S-1/cisplatin
compared with S-1 monotherapy according to the response
rate and survival for metastatic gastric cancer.'’ Therefore,
S-1/cisplatin therapy is now the standard treatment for met-
astatic gastric cancer in Japan.

This multi-institutional phase II prospective trial of pre-
operative chemotherapy in initially unresectable locally
advanced gastric cancer showed that preoperative chemo-
therapy using S-1/cisplatin was not only feasible but also
achieved a high response rate. The overall response rate
was 63.0% [95%CI: 42.4—80.6]. The incidence of grade
3/4 toxicities was less than 10% and treatment related

No. cStage Course  Response  Gastrectomy D Combined resection  fStage Nodes  First relapse

1 T3N2MO (IIIB) 2 PR Distal D3 Liver, Gallbladder T2N2MO (ITIA) 4 None

2 T3N3MO (IV) 3 PR Total D2 Spleen, Panc. (tail) T2N2MO (ITTA) 6 Brain
Gallbladder

3 T3N2MO (IIB) 2 PR Total D2 Spleen T2N2MO (ITA) 10 Lymph (para AO)

4 T3N2MO (IB) 2 PR Distal D3 None T2N2MO (TITA) 3 None

5 T3N2MO (IIIB) 3 PR Total Di=* Liver T2NOMO (IB) 0 None

6 T2N2MO (TTA) 2 SD Distal D2 Panc. (head) T4N3MO (IV) 7 Peritoneum

7 T4N2MO (IV) 3 PR Total D2 Spleen, Panc. (tail) T3N2MO (IIIB) 10 Lymph (para AO)

8 T2N3MO (IV) 4 PR Distal D2 Gallbladder T2N2MO (ITTA) 1 Bone

9 T4N3MO (IV) 3 PR Distal D2 None TINOMO (JA) 0 Lung

10 T4ANIMO (IIIB) 3 PR Total D2 Spleen T2N2MO (ITA) 4 Lymph (hepatic)

11 T2N3MO (IV) 5 PR Tortal D1x None T2ZN3MO (IV) 2 Lymph (para AO)

12 T2N2MO (ITA) 3 PR Total Di= None T2NOMO (IB) 0 Lymph (para AO)

13 T3N2MO (IIIB) 3 PR Total Di= None T2N2MO (IITA) 13 Lymph (para AO)

D1*: we performed almost D2 dissection, but it classified D1 dissection according to the Japanese classification of gastric carcinoma (2nd English edition),
because of preserving spleen.
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Figure 1. Disease-free and overall survival of the patients who underwent
RO surgery (n = 13).

mortality was 0.0%. Similar results were reported in other
studies.'*!® These results encourage the use of S-1/cis-
platin combination chemotherapy as neoadjuvant treatment
for patients who have resectable gastric cancer. Such trials
are currently under way in Japan.'®'?

The recently completed MAGIC trial constitutes
a larger study regarding neoadjuvant chemotherapy in gas-
tric cancer. In this study, 503 patients were randomized to
three cycles of pre- and three cycles of postoperative epi-
rubicin/cisplatin/5-FU (ECF) chemotherapy or surgery
alone. Neoadjuvant chemotherapy was tolerable and was
completed in 88% of patients. Significant downsizing
(5.0 versus 3.1 cm median tumor size, P < 0.001), down-
staging (54% versus 36% T1—T2 tumors, P = 0.01) and
enhanced resectability (79% versus 69%, P = 0.02)
were noted. Improved progression-free survival and sur-
vival were demonstrated, with an overall 5-year survival
of 36% versus 23% for those undergoing surgery alone.'®
We should conduct phase III clinical trials of the

neoadjuvant chemotherapy of S-1/cisplatin therapy for re-
sectable gastric cancer.

In Japan, the ACTS-GC trail demonstrated a survival ad-
vantage of postoperative adjuvant chemotherapy after RO
resection. RO patients were randomized to adjuvant chemo-
therapy using S-1 (529 patients) versus surgery alone (530
patients); improved survival (3-year overall survival rates
of 80.1% versus 70.1%, P = 0.003) was noted.'” Adjuvant
chemotherapy, as reported by the ACTS-GC Group, is now
considered a standard treatment for RO patients. However,
of the 283 patients who had stage Il disease and received
S-1 adjuvant chemotherapy, 73 patients died. The hazard
ratio of the adjuvant chemotherapy group worsened with
an increasingly advanced stage. These results suggest that
S-1 monotherapy is insufficient for patients who have stage
IIT or more. However, for patients who have initially unre-
sectable gastric cancer like the patients enrolled in this trial,
S-1/cisplatin chemotherapy is insufficient because of the
high relapse rate of patients who underwent RO resection.

For the patients immediately after gastrectomy, highly
toxic chemotherapy is difficult because of overlaps be-
tween chemotherapy-induced gastrointestinal toxicity and
digestive symptoms due to gastrectomy.'® Therefore, fur-
ther improvements in preoperative therapy will require de-
velopment of more effective chemotherapeutic regimens.
During the last decade, several new agents with promising
activity against gastric cancer were identified. These in-
clude paclitaxel, docetaxel, irinotecan and trastuzumab.
These agents are now undergoing phase II and III trials,
as part of combination regimens.'®~*? If improved outcome
is seen in metastatic disease, these agents will undergo ex-
tensive testing in the preoperative setting.

The absence of laparoscopic staging might have allowed
inclusion of patients with positive peritoneal cytology or
small peritoneal implants that could have disappeared with
the chemotherapy; these patients have a worse prognosis,
which could have impacted on the final results. Actually,
there were 3 cases of positive cytology at exploration after
chemotherapy. Laparoscopic staging should be mandatorily
included in future similar projects.

An interesting point is that there were many para-aortic
lymph node recurrences in the patients who underwent RO
resection. Among 13 patients who underwent curative re-
section, initial recurrence in 5 patients was in a para-
aortic lymph node. These patients had not undergone
para-aortic lymph node dissection. The prognostic im-
provement effect of the para-aortic lymph node dissection
was refuted by two clinical trials.”>** In the JCOG 9501
trial, 523 patients with resectable gastric cancer were en-
rolled, and 263 were assigned to D2 group and 260 were
assigned to D2 plus para-aortic nodal dissection. The 5-
year overall survival rate was 69.2% for D2 lymphadenec-
tomy group and 70.3% for the D2 lymphadenectomy plus
para-aortic nodal dissection group; the hazard ratio for
death was 1.03 (95%ClI, 0.77 to 1.37; P = 0.85). There
were also no significant differences in recurrence-free
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survival and the pattern of recurrence between the two
groups.”® In the East Asian Surgical Oncology Group trial,
269 patients with resectable gastric cancer were enrolled,
and 135 were assigned to the D2 group and 134 were as-
signed to the D2 plus para-aortic nodal dissection. The 5-
year overall survival rates were 52.6% for the D2 lympha-
denectomy group and 55.0% for the D2 lymphadenectomy
plus para-aortic nodal dissection group. There was no sig-
nificant difference in survival between the two groups
(P = 0.801).** It was concluded that the D2 Iymphadenec-
tomy plus para-aortic nodal dissection did not improve
prognosis regarding D2 lymph node dissection in the re-
sectable gastric cancer.

However, in these trials, patients who had gross metasta-
ses to the para-aortic nodes were excluded. The incidence
of metastases in the para-aortic nodes was lower than ex-
pected in 8.5% and 9.7%, respectively. The median number
of metastatic nodes was only 2 nodes among the patients
who underwent D2 plus para-aortic nodal dissection in
the JCOG 9501. In the East Asian Surgical Oncology
Group trial, the mean number of metastatic nodes was 5.9
in the para-aortic lymph node dissection group.

Recently, 15-year follow-up results of a randomized na-
tionwide Dutch D1D?2 trial were published. 711 patients un-
derwent randomly assigned treatment with curative intent
(380 in the D1 group and 331 in the D2 group). Overall
15-year survival was 21% for the D1 group and 29% for
the D2 group. Gastric cancer-related death rate was signif-
icantly higher in the D1 group (48%, 182 patients) than that
in the D2 group (37%, 123 patients). Local recurrence was
22% (82 patients) in the D1 group versus 12% (40 patients)
in D2, and regional recurrence was 19% (73 patients) in D1
versus 13% (43 patients) in D2. After a median follow-up
of 15 years, D2 lymphadenectomy was associated with
lower locoregional recurrence and gastric cancer-related
death rates than D1 surgery.”’ This difference was greater
in the patients with lymph node metastases from 7 to 15.%°

The observation period was shorter in the clinical trials
of JCOG and East Asian Surgical Oncology Group than in
the Dutch trail, and fewer mortality events occurred and
also fewer metastases to lymph nodes. Therefore, para-
aortic lymph node dissection might have better prognosis
in patients with severe lymph node metastases like the pa-
tients enrolled in our trial.

In summary, preoperative S-1/cisplatin can be safely de-
livered to patients undergoing radical gastrectomy. The re-
sponse rate was high, with no increase in operative
morbidity and mortality compared with those upon surgery
without preoperative chemotherapy.”” Controlled trials of
neoadjuvant chemotherapy using this regimen with the
postoperative S-1 monotherapy for resectable gastric cancer
are necessary. For initially unresectable locally advanced
gastric cancer, the rate of recurrence was high, and the
most common initial recurrent site was para-aortic lymph
node. New trials, using a more effective regimen along
with extended lymph node dissection are necessary.

Contflict of interest statement

The authors declare no conflict of interest.

Acknewledgments

The authors thank the members of the OGSG data center
and operations office. The authors are also indebted to Prof.
J. Patrick Barron, Chairman of the Department of Interna-
tional Medical Communications of Tokyo Medical Univer-
sity, for his review of this manuscript.

References

1. Parkin DM, Bray F, Ferlay I, Pisani P. Estimating the world cancer
burden: Globocan 2000. Int J Cancer 2001;94(2):153-6.

. Matsuda T, Marugame T, Kamo K, et al. Japan Cancer Surveillance
Research. Cancer incidence and incidence rates in Japan in 2003:
based on data from 13 population-based cancer registries in the Mon-
itoring of Cancer Incidence in Japan (MCI) project. Jpn J Clin Oncol
2009;39(12):850-8.

3. Tsukuma H, Ajiki W, Ioka A, et al. Research Group of
Population-Based Cancer Registries of Japan. Survival of cancer
patients diagnosed between 1993 and 1996: a collaborative study
of population-based cancer registries in Japan. Jpn J Clin Oncol
2006;36(9):602~7.

4. Inoue K, Nakane Y, Michiura T, et al. Trends in long-term survival fol-
lowing surgery for gastric cancer: a single institution experience. On-
col Rep 2004;11(2):459-64.

5. Sakata Y, Ohtu A, Horikoshi N, Sugimachi K, Mitachi Y, Taguchi T.
Late phase II study of novel oral fluoropyrimidine anticancer drug S-1
(IM tegaful-0.4M gimestat- 1M otastat potassium) in advanced gastric
cancer patients. Eur. J Cancer 1998;34(11):1715-20.

6. Sugimachi K, Maehara Y, Horikoshi N, et al. An early phase IT study
of oral S-1, a newly developed 5-fluorouracil derivative for advanced
and recurrent gastrointestinal cancers. The S-1 Gastrointestinal Cancer
Study Group. Oncology 1999:57(3):202-10.

7. Koizumi W, Tanabe S, Saigenji K, et al. Phase I/II study of S-1 com-
bined with cisplatin in patients with advanced gastric cancer. Br J
Cancer 2003;89(12):2207-12.

8. Association, Japanese Gastric Cancer. Japanese classification of gas-
tric carcinoma — 2nd English Edition. Gastric Cancer 1998;1(1):
10-24.

9. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to eval-
uate the response to treatment in solid tamors. European Organization
for Research and Treatment of Cancer, National Cancer Institute of the
United States, National Cancer Institute of Canada. J Natl Cancer Inst
2000;92(3):205-16.

10. Takahashi S, Kinoshita T, Konishi M, et al. Phase I study of sequen-
tial high-dose methotrexate and fluorouracil combined with doxorubi-
cin as a neoadjuvant chemotherapy for scirthous gastric cancer.
Gastric Cancer 2001;4:192-7.

11. Koizumi W, Narahara H, Hara T, et al. S-1 plus cisplatin versus S-1
alone for first-line treatment of advanced gastric cancer (SPIRITS
trial): a phase III trial. Lancer Oncol 2008;9(3):215-21.

12. Yoshikawa T, Omura K, Kobayashi O, et al. A phase II study of pre-
operative chemotherapy with S-1 plus cisplatin followed by D2/D3
gastrectomy for clinically serosa-positive gastric cancer (JACCRO
GC-01 study). Eur J Surg Oncol 2010;36(6):546-51.

13. Nakata B, Tsuji A, Mitachi Y, et al. Phase IT trial of S-1 plus low-dose
cisplatin for unresectable and recurrent gastric cancer (JEMC27-9902
Step2). Oncology 2010;79(5—6):337—42.

]

— 853 —



14.

15.

16.

17.

20.

K. Inoue et al./EJSO 38 (2012) 143—149 149

Yoshikawa T, Tsuburaya A, Morita S, et al. A comparison of multimo-
dality treatment: two or four courses of paclitaxel plus cisplatin or S-1
plus cisplatin followed by surgery for locally advanced gastric cancer,
a randomized Phase II trial (COMPASS). Jpn J Clin Oncol 2010;
40(4):369-72.

Japan Clinical Oncology Group. Randomized phase III trial of surgery
plus neoadjuvant TS-1 and cisplatin compared with surgery alone for
type 4 and large type 3 gastric cancer: Japan Clinical Oncology Group
Study (JCOG 0501). Clinical Trials. gov NCT00252161. hup:/
clinicaltrials.gov/show/NCT00252161.

Cunningham D, Allum WH, Stenning SP, et al. MAGIC Trial Partic-
ipants. Perioperative chemotherapy versus surgery alone for resectable
gastroesophageal cancer. N Engl J Med 2006;335(1):11-20.
Sakuramoto S, Sasako M, Yamaguchi T, et al. Adjuvant chemotherapy
for gastric cancer with S-1, an oral fluoropyrimidine. N Engl J Med
2007;357(18):1810-20.

. Takahari D, Hamaguchi T, Yoshimura K, et al. Feasibility study of ad-

juvant chemotherapy with S-1 plus cisplatin for gastric cancer. Cancer
Chemother Pharmacol 2010;67(6):1423-8.

. Iwase H, Shimada M, Tsuzuki T, et al. A phase II multi-center study of

triple therapy with paclitaxel, S-1 and cisplatin in patients with ad-
vanced gastric cancer. Oncology 2011;80(1—2):76-83.

Sato Y, Takayama T, Sagawa T, et al. Phase II study of S-1, docetaxel
and cisplatin combination chemotherapy in patients with unresectable
metastatic gastric cancer. Cancer Chemother Pharmacol 2010;66(4):
721-8.

21,

22.

23.

24.

25.

27.

— 854 —

Narahara H, lishi H, Imamura H, et al. Randomized phase III study
comparing the efficacy and safety of irinotecan plus S-1 with S-1
alone as firstline treatment for advanced gastric cancer (study
GC0301/TOP-002). Gastric Cancer 2011;14(1):72-80.

Bang YJ, Van Cutsem E, Feyereislova A, et al. Trastuzumab in com-
bination with chemotherapy versus chemotherapy alone for treatment
of HER2-positive advanced gastric or gastro-oesophageal junction
cancer (ToGA): a phase 3, open-label, randomised controlled trial.
Lancer 2010;376(9742):687-97.

Sasako M, Sano T, Yamamoto S, et al. D2 lymphadenectomy alone or
with para-aortic nodal dissection for gastric cancer. N Engl J Med
2008;359(5):453-62.

Yonemura Y, Wu CC, Fukushima N, et al. Randomized clinical trial of
D2 and extended paraaortic lymphadenectomy in patients with gastric
cancer. Int J Clin Oncol 2008;13(2):132-7.

Songun I, Putter H, Kranenbarg EM, Sasako M, van de Velde CJ. Surgi-
cal treatment of gastric cancer: 15-year follow-up results of the random-
ized nationwide Dutch D1D2 trial. Lancet Oncol 2010;11(5):439—49.

. Hartgrink HH, van de Velde CJ, Putter H, et al. Extended lymph node

dissection for gastric cancer: who may benefit? Final results of the ran-
domized Dutch gastric cancer group trial. J Clin Oncol 2004;22(11):
2069-71.

Sano T, Sasako M, Yamamoto S, et al. Gastric cancer surgery: morbidity
and mortality results from a prospective randomized controlled trial
comparing D2 and extended para-aortic lymphadenectomy — Japan Clin-
ical Oncology Group study 9501. J Clin Oncol 2004;22(14):2767-73.



Original Paper

European
Su rgl cal Eur Surg Res 2011;47:274-283 Received: July 13,2011

N DOI: 10.1159/000333833 Accepted after revision: September 20, 2011
RﬁSS&% {:h T Published online: November 10,2011

Active Hexose Correlated Compound Inhibits the
Expression of Proinflammatory Biomarker iNOS in
Hepatocytes

T. Ozaki@ M. Qishi® M. Nishizawa®

A.-H. Kwon?

K. Matsui? Y. Tanaka® M. Kaibori?

T. Okumura® ¢

Department of Surgery, Kansai Medical University, Moriguchi, "Department of Biomedical Sciences, College of
Life Sciences, and “Research Organization of Science and Technology, Ritsumeikan University, Kusatsu, Japan

© Free Author
Copy — for per-
sonal use only

ANY DISTRIBUTION OF THIS
: ARTICLE WITHOUT WRITTEN
; CONSENT FRON: S. KARGER
 AG, BASEL IS A VIOLATION
OF THE COPYRIGHT.

Written permission fo distrib- !
ute the PDF will be granted |
i against payment of o per-

* mission fee, which is based

on the number of accesses
required. Please contact
permission@karger.ch

Key Words

Active hexose correlated compound - Interleukin-13 -
iNOS - Nuclear factor-«B - Type | interleukin-1 receptor -
iNOS gene antisense transcript

Abstract

Background/Aims: Excess production of nitric oxide (NO) by
inducible nitric oxide synthase (iNOS) has been implicated as
proinflammatory biomarker in liver injury. The application of
active hexose correlated compound (AHCC) as a functional
food in complementary and alternative medicine has in-
creased. The possibility that AHCC might inhibit iNOS induc-
tion was investigated as a potential liver-protective effect.
Methods: Hepatocytes were isolated from rats by collage-
nase perfusion and cultured. Primary cultured hepatocytes
were treated with interleukin-1B in the presence or absence
of AHCC-sugar fraction (AHCCSF). Results and Conclusion:
AHCC-SF inhibited the production of NO and reduced ex-
pressions of iINOS mRNA and its protein. AHCC-SF had no ef-
fects on either [kB degradation or nuclear factor-kB (NF-«B)
activation. In contrast, AHCCSF inhibited the upregulation
of type | interleukin-1 receptor (IL-1RI) through the inhibition
of Akt phosphorylation. Transfection experiments with iINOS
promoter-luciferase constructs revealed that AHCC-SF re-

duced the levels of INOS mRNA at both promoter transacti-
vation and mRNA stabilization steps. AHCC-SF inhibited the
expression of iINOS gene antisense transcript, which is in-
volved in iNOS mRNA stabilization. These findings demon-
strate that AHCCSF suppresses iNOS gene expression
through a IkB/NF-kB-independent but Akt/IL-1RI-depen-
dent pathway, resulting in the reduction of NO production.
AHCC-SF may have therapeutic potential for various liver in-

juries. Copyright © 2011 S. Karger AG, Basel

Introduction

In the liver, nitric oxide (NO) is produced by constitu-
tively expressed endothelial nitric oxide synthase (eNOS)
or inducible NOS (iNOS). eNOS is located in vascular si-
nusoidal endothelial cells, and NO produced by eNOS
maintains hepatic circulation and endothelial integrity.
iNOS is negligible under physiological conditions, but is
expressed in hepatic cells including hepatocytes and
Kupffer cells under pathological conditions such as sep-
sis, hemorrhagic shock, ischemia-reperfusion, hepatitis,
and cirrhosis. During infection and inflammation in the
liver, excess production of NO by iNOS is thought to be
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Fig. 1. Preparation of AHCC-SF. Separation flow of AHCC.

involved in liver injury. The expression of iNOS is a bio-
marker in proinflammation, although NO has been re-
ported to exert either detrimental or beneficial effects de-
pending on the insults and tissues involved. In our previ-
ous reports, clinical drugs, which showed liver-protective
effects in various animal models of liver injury [1-5], pre-
vented iNOS induction in the liver as well as decreased
production of various inflammatory mediators. These
drugs also inhibited iNOS induction and NO production
in proinflammatory cytokine-stimulated cultured hepa-
tocytes of rats [3, 6, 7], which is used as a simple in vitro
injury model.

Proinflammatory cytokine interleukin (IL)-18, or a
mixture of IL-1B, tumor necrosis factor (TNF)-a and in-
terferon-v, induces the expression of iNOS gene in pri-
mary cultures of human and rat hepatocytes [8, 9]. The
induction of iNOS is regulated by transactivation of the
iNOS promoter with transcription factors including nu-
clear factor (NF)-«B, and by post-transcriptional modi-
fications including mRNA stabilization [10]. There are
two essential pathways involved in iNOS induction, IxB
kinase/IkB/NF-kB activation and phosphatidylinositol-3
kinase (PI3K)/Akt/type I IL-1 receptor (IL-1RI) upregu-
lation [11]. IL-1B stimulates the degradation of IkB after
its phosphorylation by IkB kinase, which is followed by
the translocation of NF-«kB from cytoplasm to the nucle-
us and DNA binding (NF-kB activation). IL-18 also stim-
ulates the upregulation of IL-IRI through activation of
PI3K/Akt, which is essential for both transcriptional ac-
tivation and mRNA stabilization in iNOS induction [7,
11-13]. In the case of mRNA stabilization, we have re-
ported that natural iNOS gene antisense transcript inter-
acts with 3’-untranslated region (UTR) containing AU-
rich elements (ARE) of iNOS mRNA, leading to iNOS

iNOS Inhibition by AHCC

mRNA stabilization in IL-1B-stimulated hepatocytes
[14].

The functional food active hexose correlated com-
pound (AHCC) isan extract prepared from cultured my-
celium of Basidiomycetes mushrooms. In recent reports
[15-20}, supplementation with AHCC has shown a gen-
eralized positive effect on the immune systems, as well
as anti-inflammatory and anti-oxidant effects. AHCC is
a mixture of polysaccharides, amino acids, lipids, and
minerals, in which oligosaccharides are the major com-
ponents constituting about 74% of the mixture. These
oligosaccharides are believed to account for the biologi-
cal activities of AHCC [21, 22]. In the liver, we reported
that AHCC improved the prognosis of postoperative he-
patocellular carcinoma patients [23]. However, the mo-
lecular mechanism by which AHCC protects the liver is
not fully understood. In the current study, the possibil-
ity that AHCC might inhibit NO production was pur-
sued as a possible liver-protecting mechanism. We in-
tended to examine whether AHCC influences the induc-
tion of iINOS gene expression in primary cultures of rat
hepatocytes, and if so, study the mechanism involved in
this process.

Materials and Methods

Materials

Recombinant human 1L-1f (2 X 107 U/mg protein) was pro-
vided by Otsuka Pharmaceutical Co. Ltd. (Tokushima, Japan).
[y-**Pladenosine-5"-triphosphate (ATP; -222 TBg/mmol) and
[@-*2P]deoxycytidine-5'-triphosphate (dCTP; -111 TBg/mmol)
were obtained from DuPont-New England Nuclear Japan (Tokyo,
Japan). Rats were kept at 22°C under a 12-h light/12-h dark cycle,
and received food and water at libitum. All animal experiments
were performed in accordance with the Guidelines for the Care
and Use of Laboratory Animals of the National Institutes of
Health, and approved by the Animal Care Committee of Kansai
Medical University.

Preparation of Sugar Fraction of AHCC

As shown in figure 1, the extract of AHCC (20 g), which was
supplied by Amino Up Chemical Co. Ltd (Sapporo, Japan), was
dissolved in H,0O (80 ml), applied on the column of DIAION HP-
20 (5 x 25 cm; Mitsubishi Chemical Co., Japan) and eluated with
H,0 (1 liter) and methanol. The first eluate (water fraction con-
taining hydrophilic compounds) was concentrated under vacu-
um, followed by lyophilization (18.1 g of yellowish powder). The
water fraction was dissolved in H,O (35 ml), mixed with metha-
nol (180 ml) and centrifuged (1,600 g for 15 min), which was re-
peated twice. Then the precipitate was dissolved in H,O (100 ml),
applied on the DOWEX 50 WX8 (4.4 X 17 cm; The Dow Chemi-
cal Company, USA), and eluted with H,O (0.5 liter) and ammonia
(3 N). The final water fraction containing AHCC-sugar fraction
(AHCC-SF) was lyophilized (4.93 g) and stored at -20°C.
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