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Abstract

Background The prognosis for locally advanced gastric
cancer (AGC) remains unsatisfactory, even with S-1 adju-
vant chemotherapy. We investigated the efficacy of neoad-
juvant chemotherapy consisting of docetaxel, cisplatin and
S-1 (DCS).

Methods We retrospectively reviewed 59 patients who
underwent neoadjuvant DCS therapy for clinical stage III
tumors or serosa-positive tumors between January 2009
and December 2013 at Niigata Cancer Center Hospital. The
patients received S-1 (40 mg/m? bid) on days 1-14, and
docetaxel (35 mg/m?) and cisplatin (35 mg/m?) on days 1
and 15 every 4 weeks.

Results Forty-three patients (72.9 %) received two
courses of DCS therapy, while 16 patients (27.1 %)
received one course of treatment. The clinical response
rate of the primary tumor was 74.6 %, and the disease con-
trol rate was 100 %. A pathological response, defined as
one-third or more of the affected tumor, was observed in
71.2 % of patients. The common grade 3/4 adverse events
from chemotherapy were leucopenia (16.9 %), neutropenia
(44.1 %), febrile neutropenia (8.5 %), anemia (10.2 %),
anorexia (8.5 %) and nausea (6.8 %). Postoperative com-
plications occurred in 11 patients (18.6 %). There was no
treatment-related mortality or reoperation. The 3- and
5-year overall survival rates were 88 and 68.6 %, respec-
tively. Clinical responders had a significantly higher
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survival rate than non-responders. Multivariate analysis
identified clinical response as the only independent prog-
nostic factor.

Conclusions Neoadjuvant DCS therapy demonstrated
a very high clinical and pathological response rate with
acceptable toxicities. Therefore, this therapy may improve
the prognosis of locally AGC.

Keywords Advanced gastric cancer - Neoadjuvant
chemotherapy - DCS

Introduction

Although surgery is the standard treatment for resectable
gastric cancer, the prognosis for patients with advanced
gastric cancer (AGC) remains poor [1]. Therefore, a multi-
modal treatment strategy needs to be developed and estab-
lished to improve patient outcomes.

In Western countries, the survival benefit of periop-
erative chemotherapy using a combination chemotherapy
of ECF therapy [epirubicin, cisplatin and 5-fluoroura-
cil (5-FU)] or CF therapy (cisplatin and 5-FU) has been
confirmed by phase III studies, and perioperative chemo-
therapy has become the standard treatment for AGC [2,
3]. However, the 5-year survival rate remains <40 % in
these trials. In Japan, postoperative adjuvant chemother-
apy using S-1 for 12 months has been established as the
standard treatment after D2 gastrectomy in patients with
stage II and III disease based on a large phase III study
[4]. However, even with D2 gastrectomy and subsequent
adjuvant chemotherapy with S-1, the long-term survival of
patients with stage III tumors and serosa-positive tumors
remains unsatisfactory, indicating that improved therapeu-
tic strategies are necessary [5]. Recently, a more intensive
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regimen has been tested as an adjuvant regimen for AGC,
i.e., S-1 + cisplatin (SC), which has demonstrated a sig-
nificantly higher response rate and longer survival than
S-1 alone in SPIRITS trials [6]. These studies showed that
SC therapy was associated with low compliance and high
adverse events in an adjuvant setting [7, 8]. These find-
ings suggested that postoperative intensive chemotherapy
might be difficult to complete.

On the other hand, neoadjuvant chemotherapy (NAC)
has some theoretical benefits, including downstaging of the
tumor, eliminating micrometastasis, evaluating sensitivity
of chemotherapy, and improving compliance against more
intensive chemotherapy, when compared with postoperative
chemotherapy [9]. Indeed, several phase II studies, such
as SC, S-1 + docetaxel, paclitaxel + cisplatin, and CPT-
11 + cisplatin, were safe and feasible in the neoadjuvant
setting [10-15]. Moreover, promising survival results were
reported in these trials. Accordingly, NAC is expected to
improve long-term prognoses of gastric cancer. Recently, a
triplet regimen with docetaxel, cisplatin and S-1 (DCS) has
been shown to have a very high response rate and promis-
ing median survival time in patients with unresectable AGC
[16—18]. Therefore, DCS therapy has been anticipated as a
more powerful regimen for the neoadjuvant setting.

From January 2009, we have adopted neoadjuvant DCS
therapy for locally AGC. In the present study, we evaluated
the efficacy of neoadjuvant DCS therapy in patients with
clinically resectable locally AGC.

Patients and methods
Patients

To December 2013, 59 consecutive patients underwent
neoadjuvant DCS therapy at Niigata Cancer Center Hospi-
tal, and their data were retrospectively analyzed.

The eligibility criteria were histologically proven gas-
tric adenocarcinoma, the tumor penetrating the serosa (se)
or clinical stage III tumor according to the second edition
of the Japanese Classification of Gastric Carcinoma [19],
Eastern Cooperative Oncology Group performance status
0-1, no previous chemotherapy or radiotherapy, no uncon-
trolled infection or cardiopulmonary disease, and adequate
bone marrow, renal and hepatic function. The initial clini-
cal evaluation was performed by upper gastrointestinal
endoscopy, computed tomography (CT) with contrast, and
an upper gastrointestinal barium meal study. In principle,
a general laparoscopic examination of the abdominal cav-
ity was carried out before starting the treatment. This study
protocol was approved by the institutional review board of
the hospital, and written informed consent was obtained
from all participants.

Neoadjuvant DCS chemotherapy and surgery

S-1 was given orally twice daily for the first 2 weeks of
a 4-week cycle, which was calculated according to the
patient’s body surface area as <1.25 m? = 40 mg; 1.25-
1.5 m* = 50 mg; and >1.5 m? = 60 mg. Docetaxel and cis-
platin was given as an intravenous infusion of 35 mg/m? on
days 1 and 15 of each cycle. Two courses of DCS therapy
were generally planned; however, it was discontinued if
there was documented disease progression, unacceptable
toxicity, or withdrawal of consent.

The objective response to chemotherapy was evaluated,
and surgical resection was then performed 2-4 weeks
after completion of the last course unless curative resec-
tion was considered difficult. Depending on the location
of the primary tumor, the surgical procedure selected was
either total gastrectomy or distal gastrectomy with D2
lymphadenectomy. Splenectomy and/or distal pancreatec-
tomy were not carried out unless there was direct tumor
invasion or metastasis to the lymph nodes at the splenic
hilum.

Clinical response and histological evaluation of surgical
specimen

Adverse events were evaluated by the National Cancer
Institute Common Toxicity Criteria version 4.0. Surgical
complications were assessed according to the Clavien—
Dindo classification [20]. Tumors were staged based on
the second edition of the Japanese Classification of Gastric
Carcinoma [19]. The objective response to chemotherapy
was evaluated as complete response (CR), partial response
(PR), stable disease (SD) and progressive disease (PD)
according to the criteria of Japanese Gastric Cancer Asso-
ciation (JGCA) [21]. CR or PR cases were considered as
responders.

The pathological response to chemotherapy was evalu-
ated according to the histological evaluation criteria of
the JGCA as grade 0 = no evidence of effect; grade la
= viable tumor cells occupy more than two-thirds of the
tumorous area; grade 1b = viable tumor cells remain in
more than one-third but less than two-thirds of the tumor-
ous area; grade 2 = viable tumor cells remain in less than
one-third of the tumorous area; and grade 3 = no viable
tumor cells remain [22]. Patients with grades 0—1a lesions
were regarded as pathological non-responders and those
with grades 1b-3 lesions were regarded as pathological
responders.

Statistical analysis

Categorical variables are presented as numbers and per-
centages, and continuous variables are expressed as the
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median with ranges. Overall survival (OS) was defined as
the duration from the date of starting DCS therapy to death.
Survival curves were estimated according to the Kaplan—
Meier method, and differences between the curves were
analyzed using the log-rank test. Univariate and multivari-
ate hazard ratios were calculated using a Cox proportional
hazard model. All variables with a p value of <0.1 in the

Table 1 Baseline patient characteristics (n = 59)

No. of patients (%)

Age (years)® 66 (38-82)
Gender

Male 40 (67.8)

Female 19 (32.2)
ECOG performance status

0 53 (89.8)

1 6(10.2)
Macroscopic type

Type 2 27 (45.8)

Type 3 27 (45.8)

Type 4 5(8.5)
Histological type

Differentiated 29 (49.2)

Undifferentiated 30 (50.8)
Clinical tumor depth®

T2 (mp/ss) 2(3.4)

T3 (se) 50 (84.7)

T4 (si) 7(11.9)
Clinical lymph node metastasis®

NO 13 (22)

N1 28 (47.5)

N2 18 (30.5)
Clinical tumor stage®

I 12 (20.3)

1IA 25 (42.4)

1IB 22 (37.3)

ECOG Eastern Cooperative Oncology Group
# Values are expressed as median and range

® According to the second edition of the Japanese Classification of
Gastric Carcinoma

Table 2 Clinical response to DCS therapy (n = 59)

univariate analysis were entered into a multivariate analy-
sis. A p value of <0.05 was considered to be significant,
and confidence intervals (CI) were calculated at the 95 %
level.

Results

Patient demographics and tumor characteristics are shown
in Table 1. There were 12 patients (20.3 %) with stage
II disease, 25 (42.4 %) with stage IITA disease, and 22
(37.3 %) with stage IIIB disease. Before starting DCS ther-
apy, a laparoscopy was performed in 51 patients (86.4 %).

Neoadjuvant chemotherapy and clinical response

Of the 59 patients, 43 patients (72.9 %) received two
courses of DCS therapy defined by the protocol, and 16
(27.1 %) underwent only one course of chemotherapy
for reasons which included adverse events, gastric outlet
obstruction, patient request, etc.

A total of 44 patients were responders (including four
with CR and 40 with PR) and 15 patients had SD (Table 2).
The clinical response rate (cCRR) was 74.6 %, and the dis-
ease control rate was 100 %. The cRR according to the
number of courses of chemotherapy was 56.3 % (9/16)
for one course of chemotherapy and 81.4 % (35/43) for
two courses of treatment. The clinical response of lymph
node(s) could be evaluated in 41 patients, and the cRR of
lymph node(s) was 75.6 %.

Adverse events from neoadjuvant chemotherapy

Grade 3-4 serious toxicities occurred as follows
(Table 3)—Ileucopenia (16.9 %), neutropenia (44.1 %),
febrile neutropenia (8.5 %), anemia (10.2 %), thrombocy-
topenia (1.7 %), anorexia (8.5 %), nausea (6.8 %), vomit-
ing (1.7 %), diarrhea (5.1 %), stomatitis (1.7 %) and pain
(1.7 %). The incidence of grade 3 or 4 hematological and
non-hematological adverse events was 49.2 and 15.3 %,
respectively.  Granulocyte  colony-stimulating  factor
(G-CSF) was administered for neutropenia in 27 patients
(45.8 %). There were no treatment-related deaths.

CR PR SD PD NE RR (%)
Primary tumor 4 40 15 0 0 74.6
Lymph node 0 31 10 0 18 75.6

According to the criteria of the Japanese Gastric Cancer Association

CR complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluated, RR response rate
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Table 3 Adverse events from Toxicity (NCI-CTC) No. of patients Overall (%) Grade 3/4 (%)
DCS therapy (n = 59)
Grade
1 2 3 4
Hematologic
Leucopenia 3 16 7 3 49.2 16.9
Neutropenia 2 11 15 11 66.1 44.1
Anemia 11 10 6 0 45.8 10.2
Thrombocytopenia 10 0 1 0 18.6 1.7
Febrile neutropenia - - 5 8.5 8.5
Non-hematologic
Anorexia 5 4 5 0 23.7 8.5
General fatigue 9 2 0 0 18.6 0
Nausea 9 2 4 0 254 6.8
Vomiting 1 1 1 0 5.1 1.7
Diarrhea 1 4 3 0 13.6 5.1
Stomatitis 4 0 1 0 8.5 1.7
Taste abnormality 2 0 0 0 34 0
Alopecia 11 0 0 0 18.6 0
Pain 1 0 1 0 34 1.7
Pigmentation 1 0 0 0 1.7 0
Nail changes 1 0 0 0 1.7 0
Hand-foot syndrome 2 0 0 0 34 0
AST/ALT elevation 2 0 0 0 34 0
Creatinine elevation 5 0 0 0 8.5 0

Surgical findings and postoperative complications

The surgical data are summarized in Table 4. Twenty-five
patients underwent total gastrectomy, while 34 patients
underwent distal gastrectomy. Only 3 patients received
combined organ resection, and 7 patients received blood
transfusion perioperatively. RO resection was performed
in 53 patients (89.8 %), R1 in 5 (positive surgical margin,
three; positive peritoneal washing cytology, two) and R2 in
one patient with peritoneal dissemination.

Postoperative complications occurred in 11 patients
(18.6 %), grade 2 in 5 patients and grade 3a in 6 patients. There
was no surgical mortality or reoperation. The median length of
postoperative hospital stay was 11 days (range 9-54 days).

Pathological findings

Pathological findings are summarized in Table 5. Pathological
response (grade 1b-3) was observed in 42 patients (71.2 %).
The pathological response rate (pRR) was 56.3 % for one
course of chemotherapy (9/16) and 76.7 % (33/43) for two
courses of treatment. Almost 90 % of 44 clinical respond-
ers exhibited a pathological response, while 15 clinical non-
responders showed a pathological response of only 26.7 %.

Adjuvant chemotherapy

Overall, 54 patients (91.5 %) received adjuvant chemother-
apy; these included S-1 in 49 patients, CPT-11 + cisplatin
in two patients, and S-1 4 docetaxel, capecitabine + cispl-
atin + trastuzumab and paclitaxel in one patient each.

Postoperative survival

At the time of final follow-up (January 2015), the median
follow-up was 40.9 months, and 50 patients (84.7 %) were
alive. The 3- and 5-year OS rates were 88 and 68.6 %,
respectively (Fig. 1).

Tumor recurrence occurred in seven patients (12.1 %).
The site of recurrence was the peritoneum in three patients,
liver in two, and lymph node and ovary in one patient each.
Of these seven patients, 5 received chemotherapy; these
included DCS therapy, S-1 + docetaxel, CPT-11 + cis-
platin, paclitaxel and albumin-bounded paclitaxel in one
patient each. In one patient with right ovarian metastasis,
a right oophorectomy was performed. In another patient
with rectal stenosis caused by peritoneal dissemina-
tion, a sigmoid colostomy was performed without further
chemotherapy.
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Table 4 Surgical data (n = 59)

Table 5 Pathological findings (n = 59)

No. of patients (%)

No. of patients (%)

Surgical procedures

Total gastrectomy 25(42.4)

Distal gastrectomy 34 (57.6)
Lymph node dissection®

D1 2(3.3)

D2 without station 10 21 (35.6)

D2 11 (18.6)

D2+ 25 (42.4)
Combined organ resection

Spleen 3(5.1)

Pancreas 1(1.7)

Operating time (min)®
Blood loss (ml)®

157 (100-340)
120 (10-1405)

Radicality of surgery
RO 53 (89.8)
R1 5(8.5)
R2 1(1.7)
Blood transfusion 7(11.9)
Postoperative complications 11 (18.6)
Pancreatitis/pancreatic fistula 6(10.2)
Pneumonia 3(5.1)
Acute heart failure 1(1.7)
‘Wound infection 1(1.7)
Severity of complications
Grade 2 5(8.5)
Grade 3a 6(10.2)

% According to the Japanese Gastric Cancer Treatment Guidelines
2010 (version 3)

b Values are expressed as median and range

The 3-year OS rate of the clinical responders was
97.3 %, while that of the non-responders was 54.8 %
(p = 0.001; Fig. 2a). The 3-year OS rate of the pathological
responders was 92.2 %, while that of the pathological non-
responders was 77.6 % (p = 0.075; Fig. 2b).

In survival analysis, univariate analysis identified clini-
cal response as a significant prognostic factor (Table 6).
Multivariate analysis demonstrated that clinical response
was the only independent predictor of OS (hazard ratio
0.178, 95 % CI1 0.04-0.792, p = 0.023).

Discussion

In the present study, we evaluated the efficacy of neoadju-
vant DCS therapy in clinically resectable locally AGC. A
number of studies have tried various pre- and postopera-
tive chemotherapies for locally AGC. When considering
tolerability, intensification of postoperative chemotherapy

@ Springer

Tumor depth®
No tumor (CR) 6(10.2)
pT1 (m/sm) 5(8.5)
pT2 (mp/ss) 23 (39)
pT3 (se) 22 (37.3)
pT4 (si) 3(5.1D)
Lymph node metastasis®
pNO 21 (35.6)
pN1 25 (42.4)
pN2 13 (22)
Pathological tumor stage®
0 5(8.5)
IA, IB 16 (27.1)
I 10 (16.9)
IIIA, I1IB 25 (42.4)
v 3(5.D
Pathological response”
Grade 0 1(1.7)
Grade la 16 (27.1)
Grade 1b 10 (16.9)
Grade 2 26 (44.1)
Grade 3 6(10.2)

CR complete response

# According to the second edition of the Japanese Classification of
Gastric Carcinoma

b According to the histological evaluation criteria of the Japanese
Gastric Cancer Association
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Fig. 1 Kaplan—Meier estimates of overall survival

seems to be limited [7, 8]; therefore, NAC has received
increasing attention. Several phase II trials have shown
favorable results for NAC using the doublet regimens
[10-15]. Although administration of the most effective
chemotherapeutic regimens is likely to be essential in
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Fig. 2 Kaplan—Meier estimates of overall survival according to the clinical response (a: p = 0.001) and pathological response (b: p = 0.075)

Table 6 Survival analysis

Univariate Multivariate analysis

p value HR (95 % CI) p value
Macroscopic type
Type 2, 3 vs type 4 0.395 - -
Histological type
Differentiated 0.637 - -
vs undifferentiated
Clinical lymph node metastasis
Negative vs positive 0.823 - -
Number of courses of DCS therapy
Two courses vs one 0.248 - -
course
Clinical response
CR, PR vs SD 0.005 0.178 (0.04-0.792)  0.023
Radicality of surgery
RO vs R1,R2 0.124 - -
Postoperative complications
Present vs absent 0.095 1.577 (0.348-7.156) 0.555
Adjuvant chemotherapy
Performed vs not 0.394 - -

performed

HR hazard ratio, CI confidence interval, CR complete response, PR
partial response, SD stable disease

the neoadjuvant setting, it remains unknown whether a
more intensive regimen is necessary for potentially cura-
tive gastric cancer. The present neoadjuvant DCS therapy
demonstrated a very high cRR of 76.4 % and pRR of
71.2 %. In addition, the 3-year OS of 88 % in this study is
encouraging. Furthermore, chemotherapy-related adverse
events and postoperative complications were manageable
and acceptable. These results indicate that neoadjuvant

DCS therapy will be an effective treatment option for
locally AGC.

Previous studies clearly showed that the pathological
response separated the survival of gastric cancer patients
who received NAC, suggesting that the pRR was one of the
best surrogated endpoints of NAC for AGC [23, 24]. There-
fore, it is necessary to increase the pRR in order to achieve
a further improvement of patient outcomes. Previous stud-
ies of NAC using the doublet regimen, which employed the
same Japanese criteria that was used in the present study,
reported a pRR of 14.5-51 % [10-15], and the efficacy of
these treatments is not sufficient from the viewpoint of the
PRR. On the other hand, DCS therapy has been associated
with a high pRR of 87.5 % [25]. Neoadjuvant DCS therapy
demonstrated a higher pRR of 71.2 % in the present study
compared with that achieved by the doublet regimen. Fur-
thermore, patients with a high pathological response had
improved survival rates compared with patients with a low
pathological response, in accordance with previous reports
[23, 24]. Therefore, neoadjuvant DCS therapy is a very
promising regimen for locally AGC.

Two courses of DCS therapy may be required in order
to achieve a higher response rate. Two courses of preopera-
tive DCS therapy have revealed an extremely high cRR of
the primary tumor (81.3 %) and pRR (87.5 %) [25]. When
compared with these results, both the cRR of 74.6 % and
pRR of 71.2 % obtained in the present study were rela-
tively lower. This is possibly due to lower response rates
observed in patients who received only one course of treat-
ment. In the present study, 27.1 % of patients received one
course of DCS therapy because of various reasons. The
patients treated with two courses of DCS therapy exhib-
ited an extremely high cRR of 81.4 % and pRR of 76.7 %.
Although neutropenia was the major adverse event of
DCS therapy, G-CSF administration could allow a certain
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number of patients to complete the planned two courses of
treatment.

In the present study, the clinical response was evaluated
using the JGCA criteria. The Response Evaluation Crite-
ria in Solid Tumors (RECIST) is the gold standard in the
evaluation of tumor response, but it requires the presence
of a target lesion [26]. In the neoadjuvant setting, resect-
able gastric cancer seldom has target lesions as the primary
tumor is regarded as a non-target lesion. Therefore, the
evaluation of clinical response using RECIST is quite dif-
ficult in such situations. Indeed, only 12 patients (20.3 %)
from the present study had target lesions. The JGCA cri-
teria include a response evaluation of the primary tumor
using barium X-ray and/or endoscopic examinations [21],
and any gastric cancers can be evaluated using these cri-
teria regardless of the presence of target lesions. When
evaluating the clinical response of the primary tumor using
these criteria, 74.6 % of patients were responders; the clini-
cal responders had a significantly higher survival rate than
the non-responders. Furthermore, clinical response was
identified as the only independent predictor of OS. These
findings indicate that the response of the primary tumor is
a valuable preoperative parameter predicting patient out-
comes, and its evaluation is therefore considered essential
in the neoadjuvant setting. If showing a high response, only
one course of DCS therapy may achieve an encouraging
result. On the other hand, it is possible to expect poor sur-
vival in clinical non-responders, and further DCS therapy
or an alternative chemotherapeutic regimen would be per-
formed in such cases.

Postoperative chemotherapy for patients who underwent
preoperative chemotherapy remains a concern. In most Jap-
anese trials of NAC, no postoperative chemotherapy or S-1
monotherapy was prescribed [10, 12, 14, 15]. In one phase
II trial of neoadjuvant paclitaxel 4 cisplatin, two courses
of the same regimen were postoperatively performed
for patients experiencing a pathological tumor response
[13]. In the present study, most patients received adjuvant
S-1 monotherapy regardless of the degree of response.
Although the assessment of pathological response can pro-
vide useful information about chemosensitivity, it remains
unclear whether additional postoperative DCS therapy con-
tributes to a further improvement in survival of responders.
In general, gastrectomy deteriorates tolerability of chemo-
therapy, and it was observed in the MAGIC trial, in which
86 % of patients completed preoperative ECF therapy,
whereas only 55 % of patients started postoperative ECF
therapy and 42 % completed the treatment [2]. Further
investigations are necessary to determine optimal adjuvant
chemotherapy for patients who underwent NAC.

Another concern in the preoperative chemotherapy is the
loss of a chance to receive RO resection as a result of tumor
progression during long-term chemotherapy. In the present
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study, RO resection rate was 89.8 %, and no patients experi-
enced PD during the NAC. These data also highlighted the
effectiveness of DCS therapy.

On the other hand, all patients in the present study
were diagnosed initially with stage II-III resectable
tumors. However, positive cytology and peritoneal dis-
semination were observed during surgery in two patients
and one patient, respectively, despite the finding that no
patient exhibited PD. It is likely that these metastases
were already present at the time of diagnosis, when con-
sidering that they did not receive a staging laparoscopic
examination before starting DCS therapy. A staging lapa-
roscopy should be required for all patients undergoing
preoperative chemotherapy in order to evaluate tumor
spread precisely.

In conclusion, neoadjuvant DCS therapy is feasible,
highly effective and attractive for resectable stage II-III
locally AGC. However, the survival and surgical benefit of
NAC for AGC still remains controversial, and further large-
scale investigations are therefore required to validate them.
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