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Abstract

Purpose The therapeutic outcomes of stage III gastric cancer patient receiving D2 gastrectomy and adjuvant chemotherapy
remain unsatisfactory. To improve the long-term outcomes in this population, the combination of docetaxel and S-1 (DS)
therapy can be expected to be a useful regimen as neoadjuvant chemotherapy (NAC). This study aimed to prospectively
evaluate the efficacy of NAC-DS for clinical stage III gastric cancer.

Methods Between January 2010 and December 2013, 26 patients were enrolled. Patients with clinical stage III gastric
cancer received two courses of docetaxel 40 mg/m? on day 1, 15 and S-1 40 mg/m? bid orally on day 1-7, 15-21 every 4
weeks, followed by radical D2 gastrectomy. Short- and long-term outcomes were evaluated. This study was approved by the
ethics committee of Yokohama City University, and was registered in the University Hospital Medical Information Network
(UMIN) database (ID: 000011521).

Results Of 26 patients, 24 (92.3%) patients completed two courses of NAC. After NAC-DS, Grade 3 neutropenia was
observed in 5 (19.2%) patients including one patient with febrile neutropenia, anemia in 1 (3.8%) patient and diarrhea in 1
(3.8%) patient. All patients underwent RO gastrectomy and pathological response was found in 15 (57.6%) patients. Postop-
eratively, Clavien-Dindo grade II complication occurred in 8 (30.7%) patients and no mortality was observed. The 5-year
overall survival (OS) was 57.7%, median OS was 78.7 months and recurrence free survival (RFS) was 49.0%, median RFS
was 45.4 months with 66.5 months median follow-up. Pathological response (HR =0.091, 95% CI 0.011-0.730, p=0.016)
and > 5% body weight loss before NAC-DS (HR=0.133, 95% CI 0.023-0.765, p=0.024) were independent risk factors for
recurrence, > 5% body weight loss before NAC-DS (HR=0.133, 95% CI 0.023-0.765, p=0.024) were independent risk
factors for overall survival by multivariate analysis.

Conclusions NAC-DS demonstrated acceptable toxicity with a high RO resection rate in clinical stage III gastric cancer
patients, especially in patients with good nutritional status. Further prospective study is warranted to compare the long-term
outcomes between with and without NAC-DS.
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Introduction

Although the incidence of gastric cancer is declining,
advanced gastric cancer is the third most common cause of
cancer death worldwide [1]. In Japan, the standard treatment
for locally advanced gastric cancer (LAGC) is gastrectomy
with D2 lymph node dissection followed by postoperative
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respectively [3]. To improve the survival for stage III gastric
cancer patients, some studies conducted preoperative chemo-
therapy [4-9]. These studies showed encouraging short- and
long-term results. We also conducted a prospective single
arm cohort study of neoadjuvant S-1 plus docetaxel (DS)
treatment for stage IIT advanced gastric cancer and reported
short-term outcomes [10]. The aim of this study is mainly
to clarify long-term survival of patients with NAC-DS and
gastrectomy.

Patients and methods

Between January 2010 and December 2013, 26 patients
with clinical stage III gastric cancer were enrolled in this
study. The eligibility criteria of patients, treatment, assess-
ment, and follow-up were previously described [10]. These
patients were given S-1 orally twice daily for a week accord-
ing to the body surface area (BSA) as follows: < 1.25 m?,
80 mg/day; 1.25-1.5 m?, 100 mg/day; > 1.5 m?, 120 mg/day.
This was followed by a drug-free interval of 1 week. Doc-
etaxel (40 mg/m?) was administrated by intravenous infusion
for 1 h in 100 ml normal saline on day1 and 15. Each course
lasted for 1 month. All patients received 2 courses of treat-
ment and lesions were evaluated by imaging study. Open RO
gastrectomy with D2 lymphadenectomy was performed in all
patients within 4-8 weeks after chemotherapy. All patients
were questioned about body weight in good health at first
visit to our hospital and the weight were measured at first
visit (preNAC), before surgery (postNAC) and 1 month after
surgery respectively. The pathological response to treatment
was classified according to the following criteria by the Japa-
nese Gastric Cancer Association (JGCA) [11]. We evaluated
therapeutic toxicity, clinical and pathological response, and
additionally the overall (OS) and recurrence free survival
(RFS) during 60.4 months median follow-up. This study was
approved by the ethics committee of Yokohama City Univer-
sity, and was registered in the University Hospital Medical
Information Network (UMIN) database (ID: 000011521)
and all patients provided written informed consent.

Statistical analysis

OS and RFS was analyzed according to patient character-
istics and were compared by the log-rank test. Some fac-
tors with significance in this univariate analysis were used
for the Cox proportional hazard regression model to detect
independent risk factors for recurrence. Statistical analysis
was performed using SPSS® version 24.0 (SPSS, Chicago,
IL, USA).
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Table 1 Pretreatment characteristics of the patients

Characteristics No. of patients (%)
Age (years)*

Median 64

Range 45-78
Gender

Male 20 (76.9)

Female 6(23.1)
Performance status

0 22 (84.6)

1 4(154)
Lauren classification

Intestinal 15 (57.6)

Diffuse 11 (42.3)
Tumor location

U 11 (42.3)

M 9 (34.6)

L 5(19.2)

Entire 1(3.8)
Tstage®

T3 (SS) 3(11.5)

T4a (SE) 18 (69.2)

T4b (SI) 5(19.2)
Nstage®

NO 0

N1 10 (38.4)

N2 15 (57.6)

N3 1(3.8)
Stage®

1A 12 (46.2)

1B 10 (38.5)

Ic 4 (15.3)
Results

Patient characteristics

A total of 26 patients (20 men and 6 women) with a
median age of 64 years (range 45-78) were enrolled in this
study. Patient characteristics are listed in Table 1. Most of
patients were in good general condition (84.6% with a per-
formance status of 0). Histologically, 15 (57.6%) patients
had intestinal type and 11 (42.3%) had diffuse type adeno-
carcinoma. Moreover, 23 (88.5%) patients had tumors with
serosal invasion and all patients were diagnosed as having
lymph node metastasis according to findings of CT or MRI
images.
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Table 2 Toxicity during chemotherapy

Toxicity No. of patients (%)
Grades 1-2 Grades 3—4
Hematological
Neutro/leukopenia 6 (23.0) 5(19.2)
Febrile neutropenia 1(3.8)
Anemia 0 1(3.8)
Thrombocytopenia 0 0
Non-hematological
Alopecia 13 (50.0) -
Anorexia 12 (46.1) 0
Nausea 2 (7.6) 0
Diarrhea 4(15.3) 1(3.8)
Dermatitis 4(15.3) 0
General fatigue 8 (30.7) 0
Table 3 Patholqgical Grade No. of patients (%)
chemotherapeutic effect
0 2 (7.6)
la 9 (34.6)
1b 9 (34.6)
5(19.2)
3 1(3.8)

Treatment

A total of 50 courses of NAC-DS were administrated to 26
patients. Two patients could not continue this chemotherapy
due to tumor bleeding and pyloric stenosis after one course
was finished. The docetaxel dose was reduced from 40 to
35 mg/m? in two patients due to grade 4 neutropenia and
the S-1 dose was reduced from 120 to 100 mg/day in two
patients due to patients’ intents. Doses of both drugs were
reduced in one who had grade 3 diarrheas during one course.

Adverse events of NAC-DS

Treatment-related toxicities are shown in Table 2. Grade
3 or above toxicities were neutropenia in 5 (19.2%) which
included one case with grade 4 febrile neutropenia, anemia
in one (3.8%) and diarrhea in one (3.8%), respectively.
Administration of chemotherapeutic agents was delayed
for more than 7 days in 7 courses.

Efficacy of NAC-DS

Of nine patients with measurable lesions, clinical response
(CR +PR) was observed in seven patients and stable dis-
ease (SD) in two patients. The clinical evaluations of 17

(65.3%) patients without measurable lesion were nonCR-
nonPD and no patient had progressive disease during
NAC-DS. A total of 16 (61.5%) patients underwent open
total gastrectomy (OTG) and the remaining 10 (38.5%)
patients did open distal gastrectomy (ODG). The mean
number of retrieved lymph nodes was 40.1 (range 7-102).
In the pathological evaluation, pathological response
(grade 1b-3) were observed in 15 (57.7%) patients and
of these, no residual disease was observed in one (3.8%)
patient (Table 3).

Surgical complication

Clavien-Dindo grade II complications were observed in 8
(30.7%) patients (2 minor anastomotic leakage, 2 ileus, 1
pancreatic fistula, 1 surgical site infection, 1 urinary tract
infection and 1 anastomotic stenosis). CD grade III morbid-
ity was not occurred in any patients enrolled in this study.

Adjuvant chemotherapy

Adjuvant chemotherapy according to ACTS-GC regimen
was administrated to 13 patients and 3 patients could not
complete this regimen due to Grade 2 appetite loss. Comple-
tion of adjuvant chemotherapy was observed in 10 (38.5%)
patients.

Recurrence and survival

During this study, recurrences were observed in 13 (50.0%)
patient as follows: peritoneal carcinomatosis (PC) in 9
(34.6%), lymph node metastasis in 1 (3.8%), pulmonary
metastasis in 1, liver metastasis in 1 and erector spinae
muscles metastasis in one patient. The 5-year recurrence
free survival rate was 49.0%, median RFS was 45.4 months
(Fig. 1a) and the 5-year overall survival rate was 57.7%,
median OS was 78.7 months (Fig. 1b).

Predictive factors associated with recurrence

Univariate analysis using the log-rank test revealed that
> 5% preNAC bodyweight loss (BWL) (BWL < 5%/ >5%:
5YRFS =66.8%/25.0%, p=0.013) and pathological effect
(+/—:72.2%/0.0%, p <0.001) influenced recurrence free
survival. Multivariate analysis using two factors whose
p-factors were less than 0.05 (> 5% preNAC BWL, patholog-
ical effect) revealed that > 5% pre-NAC BWL (HR=7.518,
95% CI 1.307-43.47, p=0.024) and pathological effect
(HR =0.091, 95% CI 0.011-0.730, p=0.016) were inde-
pendent risk factors for recurrence (Table 4).
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Fig.1 a Recurrence free survival. The 5-year recurrence free sur-
vival rate was 49.0%, median RFS was 45.4 months. b Overall sur-
vival. The 5-year overall survival rate was 57.7%, median OS was
78.7 months

Predictive factors associated with overall survival

Univariate analysis revealed that > 5% pre-NAC bodyweight
loss (BWL) (BWL <5% />5%: SYRFS=82.5% / 33.3%,
p=0.003) and pathological effect (+/— : 80.0%/22.7%,
p=0.008) were prognostic indicator of overall survival.
Multivariate analysis revealed that > 5% preNAC BWL
(HR=1.389, 95% CI 1.361-142.85, p=0.026) was inde-
pendent risk factor for overall survival (Table 5).
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Discussion

This study reported short-term and long-term results of
patients with neoadjuvant chemotherapy with S-1 and
docetaxel followed by surgery after 60.4 months median
follow-up.

Recurrence was unexpectedly frequent at 2 years after ini-
tial treatments in this study. In the CROSS trial, therapeutic
outcomes were compared between neoadjuvant chemora-
diation plus surgery and surgery alone for oesophageal or
oesophagogastric junction cancer after a median follow-up
of 84.1 months. Preoperative therapies mainly suppressed
distant metastasis during the first 24 months [recurrence rate
(%): NAC/surgery alone =28/40] and the preventive effects
of NAC gradually weakened after 24 months [recurrence
rate (%): NAC/surgery alone =11/8] [12]. NAC-DS in the
present study was also effective for recurrence during first
24 months, but could not effectively suppress recurrence
after 2 years. The incidence of recurrence was 15.4% within
the first 24 months and 34.6% after 24 months, respectively.
Two-third of recurrences was detected after 2 years from the
initial treatment. These findings may suggest that NAC has
an effect on the delay of growing of micro-metastasis but is
less effective to diminish these lesions. In several reports
concerning NAC [4-9, 13-19], median follow-up periods
were about 36 months (12.6—-40.9 months). Therefore, longer
follow-up is necessary to confirm survival benefits of NAC
for gastric cancer.

The rate of PC recurrence was 9/13 (69.2%) and it was
the most frequent relapse type in the present study. PC is
common recurrent pattern after curative gastrectomy for
advanced gastric cancer without NAC respectively and its
rates were 32.1-59.2% in previous reports [20-23] and the
rate was similar, 32.9-46.4% among gastric cancer with
NAC [7,]. Preoperative chemotherapy including this study
could not defeat peritoneal seedings even though the prin-
cipal risk factor for PC development was serosal exposure
of gastric cancer lesion, which almost patients with NAC
tend to have. A previous study reported that antitumoral
agents were limitedly delivered to peritoneal cavity due to
peritoneum-plasma barrier [13, 24] and some other studies
argued that insufficient efficacy of conventional systemic
chemotherapy including NAC on PC [14, 15]. The strategy
focused on peritoneal lesion, for example intraperitoneal
chemotherapy [16] may be needed to improve the survival
results.

Pathological response rate (PRR) was one of the predic-
tive factors for recurrence but not for overall survival in the
present study. In the recent literatures [4-9, 25-28], PRR
widely varied 17-87.5% and the significance of pathologi-
cal response on survival in AGC patients receiving NAC
was also controversial [27, 29—-33]. Several tumor regression
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Table 4 Predictive factors

associated with recurrence " Univariate Multivariate
5Y-RFS (%) p value HR (95% CI) p value

Age 0.305
<70 16 394
>70 10 57.1

Sex 0.587
Male 20 52.1
Female 6 333

ASA score 0.320
1 12 50.0
2 14 429

PreNAC BWL > 5% 0.013 7.518 (1.307-43.47) 0.024
0 14 66.8
1 12 25.0

PreNAC PNI <45 0.259
0 18 41.2
1 8 60.0

PreNAC c-stage 0.267
1A 12 66.7
IIB- 14 35.7

G3 adverse event during NAC 0.499
0 19 42.5
1 7 57.1

PostNAC BWL>3% 0.367
0 15 57.8
1 11 34.1

PostNAC PNI <45 0.873
0 13 454
1 13 40.4

Operation 0.948
OTG 16 48.6
ODG 10 43.8

Surgical morbidity 0.957
0 18 46.2
1 8 50.0

Lauren classification 0.189
Intestinal 15 55.4
Diffuse 11 34.1

p-effect <0.001 0.091 (0.011-0.730) 0.016
0 11 0.0
1 15 72.2

POM1 BWL>5% 0.113
0 10 30.0
1 16 59.1

POM1 PNI<43 0.184
0 12 65.6
1 14 33.3

Adjuvant chemotherapy 0911
0 16 46.4
1 10 43.0
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Table 5 Predictive factors

associated with overall survival " Univariate Multivariate
5Y-RFS (%) p value HR (95% CI) p value

Age 0.840
<70 16 58.9
>70 10 60.0

Sex 0.373
Male 20 67.5
Female 6 333

ASA score 0.333
1 12 61.7
2 14 57.1

PreNAC BWL > 5% 0.003 1.389 (1.361-142.85) 0.026
0 14 82.5
1 12 333

PreNAC PNI <45 0.809
0 18 61.2
1 8 583

PreNAC c-stage 0.139
1A 12 83.3
IIIB- 14 41.7

G3 adverse event during NAC 0.459
0 19 53.8
1 7 714

PostNAC BWL > 3% 0.602
0 15 66.7
1 11 50.9

PostNAC PNI <45 0.559
0 13 69.2
1 13 51.3

Operation 0.765
OTG 16 61.9
ODG 10 56.0

Surgical morbidity 0.984
0 18 59.3
1 8 62.5

Lauren classification 0.715
Intestinal 15 57.1
Diffuse 11 63.6

p-effect 0.008
0 11 22.7
1 15 80.0

POM1 BWL>5% 0.303
0 10 48.0
1 16 68.8

POM1 PNI <43 0.432
0 12 61.7
1 14 57.1

Aduvant chemotherapy 0.531
0 16 53.6
1 10 70.0
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scales were used in these studies, the threshold line divided
responder and non-responder was defined as less than 10%
residual cancer cells in whole body of tumor by Becker
regression criteria [34], 50% by Mandard et al. [35] and
67% by JCGC criteria [11]. Pathological response should
be assessed with standardized criteria and the value of it as
surrogate marker for survival and indicator for postoperative
adjuvant chemotherapy after NAC should be evaluated in
the further trial.

Another prognostic factor in this study was > 5% pre-
operative body weight loss (BWL) which was the one of
agreed diagnostic criteria for cachexia of malignant disease
[36, 37]. Some studies showed that pretreatment BWL is the
important malnutritional index and could serve the useful
predictor of survival in gastric, esophageal, and head/neck
cancers [38—41]. The mechanism seemed to be that mal-
nutrition impaired immune response including anti-tumoral
immunity and caused inflammatory activity and postopera-
tive complications. A study showed the severe BWL was
associated with decreased survival in patients receiving
chemotherapy [38] and another study reported that patients
with > 10% preoperative BWL had better OS than those
with surgery plus adjuvant chemotherapy [41]. Patients with
> 5% preoperative BWL might not benefit from preopera-
tive chemotherapy in this study and whether these patients
should undergo NAC or other strategies such as straight-
forward gastrectomy or nutritional intervention should be
discussed in further analysis.

There are some limitations in this study. This study was
single arm with small sample size and held in single insti-
tute. Moreover, methods to evaluate tumor stage before NAC
in respect to the diagnostic modalities whether PETCT,
EUS were adopted or not and the indication of postopera-
tive chemotherapy was not clearly defined. Although we
inquired all patients about body weight in good health at
first presentation, the values were not measured precisely
and might be uncertain.

In conclusion, the results of the current study indicate that
the NAC-DS demonstrated acceptable toxicity with a high
RO resection rate in clinical stage III gastric cancer patients,
especially in patients with good nutritional status. However,
a well-designed phase III trial with long follow-up should
be conducted to confirm the therapeutic effect of NAC-DS
for gastric cancer to confirm the efficacy of this treatment.
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