
Vol.:(0123456789)1 3

Gastric Cancer (2020) 23:293–299 
https://doi.org/10.1007/s10120-019-01007-w

ORIGINAL ARTICLE

Long‑term outcomes of preoperative docetaxel with cisplatin plus S‑1 
therapy for gastric cancer with extensive nodal metastasis (JCOG1002)

Daisuke Takahari1  · Seiji Ito2 · Junki Mizusawa3 · Hiroshi Katayama3 · Masanori Terashima4 · Mitsuru Sasako5 · 
Shinji Morita6 · Takashi Nomura7 · Makoto Yamada8 · Yoshiyuki Fujiwara9 · Yutaka Kimura10 · Atsuki Ikeda11 · 
Yoshio Kadokawa12 · Takeshi Sano13 on behalf of the Stomach Cancer Study Group of the Japan Clinical Oncology 
Group

Received: 10 June 2019 / Accepted: 2 September 2019 / Published online: 12 September 2019 
© The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2019

Abstract
Background Preoperative chemotherapy with cisplatin plus S-1 (CS) followed by gastrectomy with D2 plus para-aortic 
lymph node (PAN) dissection is regarded as a standard treatment in Japan for advanced gastric cancer with bulky lymph node 
(BN) and/or PAN metastasis. In the JCOG1002, we added docetaxel to CS (DCS) to further improve long-term outcomes. 
However, the primary endpoint, clinical response rate (RR), did not reach the expected level (Ito et al. in Gastric Cancer 
20:322–31, 2017). Herein, we report our long-term survival results.
Methods Patients with BN and/or PAN metastasis received 2 or 3 cycles of DCS therapy (docetaxel at 40 mg/m2 and cis-
platin at 60 mg/m2 on day 1 and S-1 at 80 mg/m2 per day for 2 weeks, followed by a 2-week rest) followed by gastrectomy 
with D2 plus PAN dissection and postoperative S-1 for 1 year.
Results Between July 2011 and May 2013, 53 patients were enrolled. Clinically, 17.0% had both PAN and BN metastasis, 
and the rest had either PAN (26.4%) or BN (56.6%) metastasis. Among all eligible patients, the 5-year overall survival was 
54.9% (95% confidence interval 40.3–67.3%) at the last follow-up in May 2018. Among 44 eligible patients with R0 resec-
tion, the 5-year relapse-free survival was 47.7% (95% confidence interval 32.5–61.5%).
Conclusions Adding docetaxel to CS in preoperative chemotherapy for extensive nodal metastasis improved neither short-
term outcomes nor long-term survival. Preoperative chemotherapy with CS followed by D2 + PAN dissection and postopera-
tive S-1 remains the standard of care for patients with extensive nodal metastasis.
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Introduction

For locally advanced gastric cancer (LAGC), surgical 
resection is the mainstay of treatment. However, in some 
subgroups of patients with LAGC such as those with 
extensive lymph node metastasis (ELM), which is defined 
as para-aortic lymph node (PAN) metastasis, or bulky 
lymph nodes (BN) along the celiac, splenic, common 
hepatic, or proper hepatic arteries, or both PAN and BN, 
the prognosis remains poor even if curative resection is 
achieved [1]. According to data collected by the Stomach 
Cancer Study Group (SCSG) of the Japan Clinical Oncol-
ogy Group (JCOG), the 3-year survival of 86 patients with 
both clinical and pathological PAN metastasis who under-
went surgery was only 5%. According to the SCSG/JCOG, 
several phase II studies have been conducted to evaluate 
the efficacy and safety of preoperative chemotherapy fol-
lowed by gastrectomy with D2 plus PAN dissection for 
gastric cancer with ELM (JCOG0001 [2], JCOG0405 [3]). 
JCOG0405 was conducted to assess the effects of admin-
istering 2 or 3 cycles of cisplatin (60 mg/m2 on day 8) 
and S-1 (80 mg/m2 per day from day 1 to day 21 followed 
by a 1-week rest period) (CS) chemotherapy, followed 
by surgery [3]. This study showed an excellent response 
rate (RR) of 64.7% and a 3-year survival of 58.8%, with 
no treatment-related deaths and good feasibility. Based 
on this result, the SCSG/JCOG have tentatively regarded 
preoperative CS chemotherapy as the current standard 
treatment for gastric cancer with ELM. As the next step, 
triplet therapy comprising docetaxel and CS (DCS) was 
introduced as preoperative chemotherapy for LAGC with 
ELM (JCOG1002) [4].

The JCOG1002 study was a multi-institutional, phase 
II trial designed to evaluate the safety and efficacy of 
DCS as preoperative chemotherapy for gastric cancer 
with ELM. In the primary analysis, the clinical RR was 
57.7% [30/52, 80% confidence interval (CI) 47.9–67.1%, 
one-sided p = 0.89]. Common grade 3 or grade 4 adverse 
events during DCS therapy were leukocytopenia (18.9%), 
neutropenia (39.6%) and hyponatremia (15.1%). The most 
common grade 3 or grade 4 surgical morbidity was abdom-
inal infection (10.2%). The pathological RR was 50.0% 
(26/52) [4]. Accordingly, we concluded that while DCS 
therapy was feasible, it did not yield a sufficient RR. We 
now report the 5-year overall survival (OS) results, which 
showed maturity as compared to the primary analysis.

Methods

The JCOG1002 was conducted as a multi-institutional 
phase II trial by the SCSG/JCOG. All data were handled 
by the JCOG Data Center. The protocol of this study was 
approved by the Protocol Review Committee of the JCOG 
on June 14, 2011 and the institutional review board at each 
participating center. All enrolled patients provided fully 
informed written consent. The study was undertaken in 
accordance with the Declaration of Helsinki and the Japa-
nese Ethical Guidelines for Clinical Studies. The JCOG 
Data and Safety Monitoring Committee reviewed serious 
adverse events and judged whether an adverse event was 
attributable to treatment. This trial was registered with 
the University Hospital Medical Information Network 
Clinical Trials Registry (https ://www.umin.ac.jp/ctr/) as 
UMIN000006069. The methods of this study were previ-
ously described in detail [4]. The main eligibility crite-
ria were an age of 20–75 years and histologically proven 
primary gastric adenocarcinoma with ELM. Patients who 
were suitable candidates for chemotherapy and surgery 
were enrolled. ELM was defined as PAN metastasis (no. 
16a2/16b1) or BN (one node larger than 3 cm or two larger 
than 1.5 cm) along the celiac, splenic, common hepatic, 
or proper hepatic arteries, or both. The absence of perito-
neal dissemination was confirmed by staging laparoscopy 
before entry into the study. An Eastern Cooperative Oncol-
ogy Group performance status of 0 or 1 and no previ-
ous chemotherapy or radiotherapy were also among the 
requirements.

Treatment

The treatment consisted of the following three parts. First, 
preoperative chemotherapy was administered. Patients 
received an infusion of docetaxel (40 mg/m2) and cisplatin 
(60 mg/m2) on day 1, and orally took S-1 (80 mg/m2 per day 
[80–120 mg/day total dose depending on the patient’s body 
surface area: 80 mg if < 1·25  m2; 100 mg if 1·25–1·5  m2; 
and 120 mg if > 1·5  m2]) for 2 weeks on days 1–14, followed 
by a 2-week rest. Two cycles of preoperative chemotherapy 
were administered unless obvious progression or unaccep-
table adverse events were observed. The possibility of R0 
resection was evaluated after the second cycle. If R0 resec-
tion was considered to be feasible, the patient underwent 
surgery within 56 days after the last administration of S-1. 
If R0 resection was considered to be difficult despite tumor 
shrinkage after the second cycle, a third cycle of DCS ther-
apy could be added before surgery. If curative resection was 
regarded as being difficult with no shrinkage of metastases, 
the protocol treatment was terminated.

https://www.umin.ac.jp/ctr/
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Second, surgery was performed. After laparotomy, 
resectability was re-evaluated, and intraperitoneal wash-
ing cytology specimens were examined. If the cytology 
findings were negative, R0 resection was attempted by 
D2 gastrectomy with PAN dissection. If R0 resection was 
considered to be impossible, the protocol treatment was 
terminated.

Third, adjuvant chemotherapy was administered. S-1 
therapy was to be started within 42 days of surgery if 
patients had undergone R0 resection pathologically. A 
6-week cycle consisting of 4 weeks of oral administra-
tion of S-1 80 mg/m2 per day (80–120 mg/day total dose 
depending on the patient’s body surface area and cre-
atinine clearance [Ccr]: 80 mg if < 1·25  m2; 100 mg if 
1·25–1·5  m2; and 120 mg if > 1·5  m2, and -1 level of S-1 
if 40 ≤ Ccr < 60 ml/min, protocol treatment was termi-
nated if Ccr < 40 ml/min) followed by 2 weeks of rest was 
repeated during the first year after surgery. Even after R0 
resection, if the tumor had progressed between preopera-
tive chemotherapy and surgery, and a histological exami-
nation of the resected specimen showed no chemothera-
peutic effect, the protocol treatment was terminated and 
S-1 was not administered. If S-1 therapy was not started 
within 12 weeks after surgery, regardless of the reason, 
the protocol treatment was terminated. The protocol treat-
ment was completed when a patient had received 2 or 3 
cycles of preoperative chemotherapy, had undergone R0 
resection by gastrectomy with D2 plus PAN dissection, 
and had received 1 year of postoperative chemotherapy. 
After completion of the protocol treatment, no further 
treatment was given until tumor recurrence. Additional 
details, e.g., dose modifications, have been reported pre-
viously [4].

Follow‑up

All enrolled patients were to be followed up for 5 years. 
Efficacy and safety were to be evaluated at least every 
3 months until the third year, then at least every 6 months 
for the last 2  years. General condition and blood test 
results were checked every 3 months until the third year 
and every 6 months for the last 2 years. Abdominal com-
puted tomography was performed every 6 months until the 
third year and every year for the last 2 years. Chest X-ray 
and upper gastrointestinal tract endoscopy were performed 
each year. The attending physicians assessed responses 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST, V.1.0) [5]. Safety assessments were per-
formed on day 1 of each cycle. Safety was also evaluated 
in week 2 of the first cycle for postoperative chemotherapy. 
Adverse events were graded according to the Common 
Terminology Criteria for Adverse Events (V.4.0) [6].

Outcomes

The primary endpoint was the clinical RR for all eligible 
patients, which was evaluated by central peer review accord-
ing to RECIST, V.1.0 [5]. The secondary endpoints were 
3-year overall survival, 5-year overall survival, proportion 
with R0 resection, proportion of completion of surgery, pro-
portion of completion of adjuvant chemotherapy, pathologi-
cal RR, and adverse events. Overall survival was defined as 
the time from the date of enrollment to the date of death 
from any cause, and was censored on the last contact for 
a surviving patient. As a post-hoc analysis, relapse-free 
survival was analyzed. Relapse-free survival was defined 
as the time from the date of enrollment to the first date of 
relapse and/or death from any cause, and was censored on 
the last contact for a relapse-free surviving patient. Patho-
logical response was evaluated and graded by the institu-
tional pathologists according to the Japanese Classification 
of Gastric Carcinoma, third English edition [7]: grade 1a, 
viable tumor cells remain in more than two thirds of the 
tumorous area; grade 1b, more than one third but less than 
two thirds; grade 2, less than one third; grade 3, no viable 
tumor cells. In this report, pathological response was defined 
as grade 2 to grade 3 response.

Statistical analysis

The RR was 64.7% in the JCOG0405, and the efficacy of 
DCS therapy was expected to be superior to that of CS 
therapy in the JCOG0405. The sample size was calculated 
to be 50 cases, under the hypothesis that the expected RR 
and threshold RR were 80% and 65%, respectively, with 
use of one-sided testing at the 10% significance level with 
a power of 80%. For the primary analysis, collection of the 
primary endpoint data was stopped on May 30th, 2014. 
The cutoff date for this long-term analysis was May 31st, 
2018. We estimated time-to-events type endpoints with the 
Kaplan–Meier method. Overall survival was analyzed for 
all eligible patients. Relapse-free survival was analyzed for 
eligible patients with R0 resection. All statistical analyses 
were performed using SAS V.9.4 software.

Results

Between July 2011 and May 2013, 53 patients in total were 
enrolled. The baseline characteristics were reported previ-
ously [4]. One patient was found not to have BN as judged 
by central peer review, and was therefore excluded from 
the primary analyses. Clinically, 17.0% of patients had 
both PAN and BN metastasis, and the remaining patients 
had either PAN (26.4%) or BN (56.6%) metastasis. The 
pathological RR was 34.6% in the 52 eligible patients. At 
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the cutoff date in May 2018, the median follow-up for the 
OS analysis was 5.0 years (range 0.2–6.6). There were 23 
deaths. The causes of death were progressive disease in 
19 patients, other diseases in 3, and unknown in one. The 
3-year OS was 62.7% (95% CI 48.0–74.4%) and the 5-year 
OS was 54.9% (95% CI 40.3–67.3%) (Fig. 1). Among 44 
eligible patients with R0 resection, 23 recurrences were con-
firmed. The 3-year relapse-free survival (RFS) was 54.5% 
(95% CI 38.8–67.8%). The 5-year RFS was 47.7% (95% 
CI 32.5–61.5%) (Fig. 2). Twenty patients developed can-
cer recurrence. The most frequent site of recurrence was 
lymph nodes (n = 10), followed by hematogenous (n = 8), 
peritoneum (n = 5), and local recurrence (n = 2). Subgroup 
analyses were conducted for groups with concomitant PAN 
and BN metastasis (PAN and BN metastasis; n = 9 for OS, 

n = 8 for RFS), only PAN metastasis (n = 14 for OS, n = 10 
for RFS) and only BN metastasis (n = 29 for OS, n = 26 for 
RFS). The 5-year OS and 5-year RFS rates in PAN and BN 
metastasis were 77.8% and 50.0%. The 5-year OS and 5-year 
RFS rates in only PAN metastasis were 35.7% and 30.0%. 
The 5-year OS and 5-year RFS rates in only BN metastasis 
were 57.1% and 53.8% (Fig. 3a, b). As for pathological PAN 
status, the 5-year OS of the negative and positive cases was 
63.2% and 42.9% and the 5-year RFS was 54.1% and not 
reached (Fig. 4a, b). Among the 52 eligible patients who 
discontinued the protocol treatment, 23 (44.2%) received 
second-line treatment. Among them, 23 cases received 
chemotherapy and 3 underwent surgery, while 2 cases were 
managed with other approaches including duplication of 
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Fig. 1  Kaplan–Meier plot of overall survival. OS overall survival

3-year RFS (95% CI) 54.5% (38.8%-67.8%)

5-year RFS (95% CI) 47.7% (32.5%-61.5%)
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Fig. 2  Kaplan–Meier plot of relapse-free survival. RFS relapse-free 
survival
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Fig. 3  a Kaplan–Meier plot of overall survival according to clini-
cal lymph node status. b Kaplan–Meier plot of relapse-free survival 
according to clinical lymph node status. PB+  para-aortic lymph 
node-positive and bulky lymph node-positive, P+  para-aortic lymph 
node-positive and bulky lymph node-negative, B+  para-aortic lymph 
node-negative and bulky lymph node-positive, 5Y OS 5-years overall 
survival, 5Y RFS 5-years relapse-free survival
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prior treatments. Adverse events associated with preopera-
tive chemotherapy and surgical complications were reported 
previously [4]. Grade 3 or grade 4 toxicities during post-
operative chemotherapy experienced by 37 treated patients 

included leukopenia (5.4%), neutropenia (24.3%), anemia 
(8.1%), thrombocytopenia (2.7%), hypokalemia (5.7%), 
increased aspartate aminotransferase (5.4%), increased ala-
nine aminotransferase (5.4%), anorexia (13.5%), diarrhea 
(5.4%), nausea (2.7%), and febrile neutropenia (0%). There 
were no treatment-related deaths during protocol treatment.

Discussion

As revealed by the analysis of the secondary endpoint of 
OS, adding docetaxel to CS in preoperative chemotherapy 
for ELM did not improve long-term survival. This result is 
similar to that obtained in our primary analysis of this study 
[4]. Therefore, CS in preoperative chemotherapy with D2 
plus PAN dissection followed by postoperative S-1 remains 
the standard of care for LAGC with ELM.

Comparisons of three phase II studies of preoperative 
chemotherapy conducted by the SCSG/JCOG are summa-
rized in Table 1. Although DCS achieved better treatment 
completion and tumor regression rates in cases with more 
than grade 2 tumors compared to the other trials with no 
treatment-related deaths, the 3- and 5-year OS were 63% 
and 55%, respectively. These results were essentially identi-
cal to those obtained with CS (the 3- and 5-year OS were 
59% and 53%, respectively). It is true in general that the 
comparison of survival outcome of different phase II trials is 
not appropriate. But our three phase II trials (JCOG0001 [2], 
JCOG0405 [3], and this trial) for this target were carried out 
through almost same eligibility criteria and same participat-
ing facilities. We believe that a certain level of comparability 
is warranted in these trials. One of the possible explanations 
for DCS not being superior to CS is the dose intensity of S-1 
in DCS, which was lower than that of CS in the JCOG0405 
(280 mg/m2/week and 420 mg/m2/week, respectively). On 
the other hand, the incidences of grade 3 or 4 neutrope-
nia and febrile neutropenia in the present study were lower 
than those reported in a phase II study of unresectable or 
recurrent gastric cancer [8]. The operative patients, who had 
favorable performance status, might have been able to tol-
erate more intensive chemotherapy than we had expected. 
Recently, the randomized phase III study JCOG1013, where 
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Fig. 4  a Kaplan–Meier plot of overall survival according to patholog-
ical para-aortic lymph node status. b Kaplan–Meier plot of relapse-
free survival according to pathological para-aortic lymph node 
status. PAN+  para-aortic lymph node-positive, PAN– para-aortic 
lymph node-negative, 5Y OS 5-years overall survival, 5Y RFS 5-years 
relapse-free survival

Table 1  Comparisons of three phase II studies of preoperative chemotherapy conducted by the SCSG/JCOG

N number, RR response rate, R0 R0 resection rate, TRG  tumor regression grade, OS overall survival, TRD treatment-related death, CDDP cispl-
atin, IRI irinotecan, CS cisplatin plus S-1, DCS docetaxel plus cisplatin plus S-1

Trial Regimen N Completion 
rate (%)

RR (%) R0 (%) TRG (≥Grade 
2) (%)

3Y OS (%) 5Y OS (%) TRD (n)

JCOG0001 CDDP + IRI 55 65 55 66 11 27 22 3
JCOG0405 CS 53 69 63 82 29 59 53 0
JCOG1002 DCS 53 81 58 85 35 63 55 0
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DCS was administered to patients with unresectable gas-
tric cancer at the same dosage as in this study, also failed 
to show superiority over CS (OS was 14.2 months in the 
DCS group, 15.3 months in the CS group; HR 0.99, 95% CI 
0.80–1.39) [9]. Taken together, these observations indicate 
that 2 cycles of DCS in this regimen are apparently not a 
promising preoperative chemotherapy for patients with gas-
tric cancer with ELM. However, the triplet regimen may 
still have potential. In Europe, FLOT (5-FU/leucovorin plus 
oxaliplatin and docetaxel) has become a new standard preop-
erative chemotherapeutic regimen for LAGC [10]. A phase 
II study of docetaxel + oxaliplatin + S-1 (DOS) for LAGC 
(cT3-4N0 or cT2-4 N+) was reported from South Korea 
[11]. The regimen consisted of 3 cycles of DOS (docetaxel 
50 mg/m2, oxaliplatin 100 mg/m2 day 1, S-1 80 mg/m2 day 
1–14, q3w; dose intensity of S-1:373 mg/m2/week) followed 
by surgery and S-1 for 1 year as postoperative chemotherapy. 
The response rate was 53.8% and the R0 resection propor-
tion was 97.6%. In addition, histological CR was confirmed 
in 19.5% of the patients, indicating DOS to be an excel-
lent regimen for achieving local control. Based on these 
results, the phase III PRODIGY study (ClinicalTrials.gov: 
NCT01515748) was initiated, accrual was completed, and 
the results are being awaited [12]. In Japan, we have also 
started a trial with 3 preoperative cycles of DOS (docetaxel 
40 mg/m2, oxaliplatin 100 mg/m2 day 1, S-1 80 mg/m2 day 
1–14, q3w; dose intensity of S-1: 373 mg/m2/week) for 
LAGC (JCOG1704; jRCTs031180028), which might be 
more effective than the DCS in the present study through 
adjustment of the dose intensity of S-1.

Another explanation may involve the number of treatment 
cycles. In this study, most patients received 2 cycles of pre-
operative chemotherapy, which was specified in JCOG0001 
[2] and JCOG0405 [3]. However, suitable durations of pre-
operative chemotherapy have not as yet been established. A 
randomized phase II trial to compare preoperative chemo-
therapy using 2 and 4 cycles of CS therapy and DCS therapy 
in a two-by-two factorial design for LAGC is currently being 
conducted [13]. In that study, 4 cycles of DCS achieved 
more favorable outcomes than other regimens, though the 
differences did not reach statistical significance. Therefore, 
4 cycles of DCS may be better for preoperative chemother-
apy in terms of OS, although the results of this study await 
confirmation.

In the present trial, there were no significant survival dif-
ferences among the clinical ELM site subgroups. This is 
in contrast to the JCOG0405, in which survival was bet-
ter in patients with only one ELM site than in those with 
metastatic disease involving both sites. Because there were 
no significant differences in the background factors of the 
registered cases between JCOG0405 and JCOG1002, treat-
ments for these subgroups should be developed together, as 
that was the strategy of SCSG/JCOG in the past.

The RFS of patients who were pathologically positive for 
PAN was significantly worse than those of patients patho-
logically negative for PAN. Park et al. reported favorable 
outcomes of patients with gastric cancer with isolated PAN 
involvement given palliative chemotherapies, but the 3-year 
OS for patients with de novo PAN metastasis was only 
13.1% [1]. In contrast, several patients who were pathologi-
cally positive for PAN survived for more than 5 years in the 
present trial. Furthermore, the pathological status cannot be 
determined without PAN dissection. Thus, at least for now, 
PAN dissection should be included in the multidisciplinary 
treatment strategy for this disease, although the value of 
PAN dissection must be carefully evaluated in future trials.

In conclusion, our updated analysis showed that adding 
docetaxel to CS in preoperative chemotherapy for extensive 
lymph node metastasis, whether PAN, BN or both, was not 
associated with improved long-term survival. Preoperative 
chemotherapy with CS followed by D2 + PAN dissection and 
postoperative S-1 remains the standard of care for patients 
with ELM.
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