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Abstract

Background S-1 plus docetaxel (DS) therapy followed by S-1 is the standard of care in Japan in postoperative adjuvant
chemotherapy for stage III gastric cancer, but long-term survival and the number of DS cycles required are unclear. The
purpose of this study was to investigate the impact of the number of cycles of DS therapy on the 5-year survival in stage III
gastric cancer in a pooled analysis of two phase II trials (OGSG0604 and OGSG1002).

Patients and methods Patients with histologically confirmed stage III gastric cancer who underwent gastrectomy with D2
lymphadenectomy were enrolled in this pooled analysis. They received DS therapy for four or eight cycles, followed by S-1
until 1 year postgastrectomy. The 5-year overall survival (OS) and the 5-year disease free survival (DFS) by the landmark
analysis was evaluated.

Results In total, 113 patients from the OGSG0604 and OGSG1002 trials were enrolled in this study. The landmark analysis
showed a 5-year OS that was better with four to eight cycles of DS therapy than with one to three cycles of DS therapy, with
the best 5-year OS of 77.4% (95% confidence interval, 66.5-90.1%) for eight cycles. The 5-year DFS was approximately
66% when four or eight cycles of DS therapy were given.

Conclusion Although eight cycles of DS therapy may prolong prognosis, the present study did not provide a clear conclu-
sion as to how many DS therapy cycles are needed to improve prognosis after D2 gastrectomy for stage III gastric cancer.
Trial registration Registration number: UMIN00000714 and UMIN000004440.
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Introduction

Gastric cancer is one of the leading causes of cancer-
related mortality because of its poor prognosis [1]. Pre-
operative and/or postoperative chemotherapy is the global
standard of care for advanced gastric cancer, because sur-
gery alone is insufficient to achieve a satisfactory outcome
[2, 3]. In Japan, postoperative adjuvant chemotherapy with
1 year of S-1 or 6 months of capecitabine plus oxaliplatin
therapy was the standard treatment for stage II and III gas-
tric cancer, respectively [4-7]. In the JACCRO GC-07 trial
of postoperative adjuvant chemotherapy in stage III gastric
cancer, the 3-year recurrence-free survival (RFS) rate of
docetaxel (DTX) plus S-1 (DS) therapy was 67.7%, better
than that of S-1 therapy (hazard ratio (HR): 0.715, 95%
confidence interval (CI), 0.587-0.871, P=0.0008), thus
DS therapy became the standard treatment for adjuvant
chemotherapy in stage III gastric cancer [8, 9]. DS therapy
in the JACCRO GC-07 trial was a protocol of six cycles
of DS therapy for 5 months followed by S-1 monotherapy
for up to 1 year. However, the follow-up period was still
short and the 5-year long-term results have, to date, not
been determined.

By contrast, we, the Osaka Gastrointestinal Cancer
Chemotherapy Study Group (OGSG), have conducted
two long-term phase II trials of adjuvant DS therapy for
stage III gastric cancer: OGSG0604 with DS for 3 months
(four cycles) and S-1 until the end of the first year, and
0OGSG1002 with DS for 6 months (eight cycles) and S-1
until the end of the first year [10, 11]. In the OGSG0604
trial, the 3-year overall survival (OS) was 78.3% (95% CI,
67.8-90.5%) and the 3-year disease-free survival (DFS) for
the four cycles of DS was 70.8% (95% CI, 57.1-87.8%),
which was favorable compared with the JACCRO GC-07
trial, but the 5-year long-term results were not reported.
In the OGSG1002 trial, the 5-year OS was 72.4% (95% CI,
62.1-84.5%) and the 5-year DFS for the eight cycles of DS
was 60.0% (95% ClI, 48.4-73.9%).

Therefore, adjuvant DS therapy consistently improved
prognosis in stage III gastric cancer in various trials, but
there were variations in the number of cycles of DS of
four, six, and eight cycles. However, it is unclear how
many cycles of DS therapy are needed to improve long-
term survival in stage III advanced gastric cancer. To
address this clinical question, we reported here on the
long-term results of the OGSGO0604 trial of four cycles
of DS. In addition, we performed a pooled analysis of the
OGSGO0604 trial and the OGSG1002 trial with eight cycles
of DS to investigate the long-term prognostic impact of
the number of DS cycles in postoperative adjuvant chemo-
therapy for stage III gastric cancer.

Patients and methods
Study design and patients

The OGSG 0604 trial is a single-arm, prospective, multi-
center phase II trial [10, 12]. It was conducted in accord-
ance with the international ethical recommendations
stated in the Declaration of Helsinki. The protocol was
approved by the institutional review and ethics board of
each participating hospital and was registered in the Uni-
versity Hospital Medical Information Network (UMIN)
database (UMINO00000714). Written informed consent was
obtained from all patients before enrollment. Patients were
enrolled within 6 weeks after surgery. The study design of
OGSG1002 was described elsewhere (UMIN000004440).
(11]

For the pooled analysis, a total of 51 patients from the
OGSGO0604 trial and 62 patients from the OGSG1002 trial
were analyzed together.

Eligibility

The eligibility criteria of the two studies were described
previously. [10-12] The summary of the eligibility crite-
ria was as follows: (i) histologically proven gastric cancer
of stage IIIA or IIIB after residual tumor (R) O surgery
with D2 lymph node dissection; (ii) age 20-80 years; (iii)
Eastern Cooperative Oncology Group performance status
of 0—1; (iv) duration of the period from surgery < 6 weeks;
(v) adequate organ function; (vi) no previous treatment
for cancer except for an initial resection of the primary
gastric lesion; and (vii) absence of other severe medical
conditions. Tumor stage and D classifications were in
accordance with the Japanese Classification of Gastric
Carcinoma, second English edition and the seventh edition
of the International Union Against Cancer TNM staging
system [13, 14].

Treatment

Treatment methods of the two studies were described pre-
viously. [10-12] Patients who met the eligibility criteria
described above were given 40 mg/m? of S-1 orally twice
daily for 2 weeks with intravenous DTX (40 mg/m?) on
day 1, repeated every 3 weeks (one cycle). The treatment
was initiated within 45 days after surgery and repeated for
four or eight cycles. Following four and eight cycles of
this treatment in OGSG0604 and OGSG1002, respectively,
S-1 was administered as a daily monotherapy (4 weeks on,
2 weeks off) until 1 year after surgery.
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Follow-up

Adverse events were assessed according to the Com-
mon Toxicity Criteria for Adverse Events, version 3.0.
All patients were followed up for a minimum of 5 years
from the start of treatment. Computed tomography scans
were performed every 6 months until the third postop-
erative year and every year until the fifth postoperative
year. Relapse was confirmed by imaging studies, including
ultrasonography, computed tomography, and gastrointes-
tinal endoscopy.

The DS treatment completion rate, which was defined
as the percentage of patients who completed four and eight
cycles of this treatment in OGSG0604 and OGSG1002,
respectively, and the S-1 treatment completion rate at 3,
6, 9, and 12 months postoperatively were calculated. The
relative dose intensity (RDI), which was defined as the
ratio of delivered dose intensity to the planned dose inten-
sity of S-1 or DTX, was also calculated.

Statistical analysis

For OGSG0604, the primary end point was the treatment
completion rate of four cycles of DS therapy, with second-
ary end points including safety, DFS, OS, and feasibility
of S-1 administration until 1 year after surgery.

For the pooled analysis, the primary endpoints were
the 5-year DFS and 5-year OS. The DFS was defined as
the time from the date of treatment initiation to the date
when recurrence or a second malignancy was confirmed,
mortality from any cause occurred, or the final follow-up,
whichever came first. OS was defined as the time from
the date of treatment initiation to the date of mortality
from any cause or the final follow-up. Surviving patients
were censored at the last confirmation date of survival.
The survival curve was estimated using the Kaplan—Meier
method. For the comparison of two survival curves, strati-
fied log-rank test was applied.

Landmark analyses of OS and DFS were performed
using cycles of treatment as time points. The Kaplan—Meier
method was used to estimate the 3-year survival rates and
95% Cls. Multivariate Cox proportional hazards regression
models were adopted to determine the HR for OS and DFS.
Multivariate analysis was performed with adjustment for
age, sex ECOG performance status, T factor, N factor, stage,
and regimen. A backward stepwise method was used as the
algorithm for estimating regression models using Akaike’s
Information Criteria as the evaluation criterion.

Statistical analysis was performed using R version 4.2.1
(R Core team, Vienna, Austria). A P value of <0.05 was
considered to be statistically significant.
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Results
0GSG0604

For the OGSGO0604 trial, 53 patients from 13 institutions
from the OGSG were enrolled in this study between May
2007 and August 2008, but analysis was performed of the
51 cases that met the eligibility criteria. The detailed results
of OGSG0604 are shown in the Supplementary materials.
Table 1 shows patients’ characteristics of OGSG0604.

OS and DFS curves from the OGSG0604 trial are shown
in Supplementary Fig. 1 and Supplementary Fig. 2, together

Table 1 Patient characteristics

Total OGSG0604  OGSG1002
(n=113) (@=51) (n=62)

Age, years

Median (range) (30-79) 65 (43-78) 63.5 (30-79)
Gender

Male 81 40 41

Female 32 11 21
ECOG PS

0 75 31 44

1 38 20 18
Pathological type

Intestinal 48 23 25

Diffuse 65 28 37
Surgical procedure

Total gastrectomy - - 24

Proxymal gastrectomy — — - 3

Distal gastrectomy - - 35
Stage®

1IA 67 35 32

111B 46 16 30
pT

T2a 11 8 3

T2b 30 12 18

T3 66 29 37

T4 6 2 4
pN°

NO 3 1 2

N1 51 26 25

N2 41 17 24

N3 18 7 11
pM°

MO 113 51 62

M1 0 0 0

ECOG PS Eastern Cooperative Oncology Group performance status
Japanese classification, 13th edition
TNM classification, 7th edition
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with data from the OGSG1002 trial, for reference. The
3-year and 5-year OS in OGSG0604 were 78.3% and 68.3%,
respectively, while the 3-year and 5-year OS in OGSG1002
were 83.9% and 72.4%, respectively (HR: 0.778 [95% CI,
0.397-1.524], P=0.500) (Supplementary Fig. 1a). The
5-year OS of stage IIIA and stage IIIB in OGSG0604 was
73.7% and 56.2%, respectively, while 74.5% and 70.0% in
OGSG1002, respectively (HR: 0.826 [95% CI, 0.396-2.094],
p=0.700 and HR: 0.620 [95% CI, 0.230-1.667], P=0.340)
(Supplementary Fig. 1b and c).

The 3-year and 5-year DFS in OGSG0604 were 68.5%
and 62.4%, respectively, while those in OGSG1002 were
70.5% and 60.0%, respectively (HR: 1.121 [95% CI,
0.608-2.066], P=0.710) (Supplementary Fig. 2a). The
5-year DFS of stage IIIA and stage IIIB in OGSG0604 was
68.1% and 56.2%, respectively, while 62.2% and 60.0% in
OGSG1002, respectively (HR: 1.238 [95% CI, 0.546-2.808],
P=0.610 and HR: 0.882 [95% CI, 0.347-2.241], p=0.790)
(Supplementary Fig. 2b and 2c).

Pooled analysis of 0GSG0604 and 0GSG1002

In total, 113 patients from the OGSG0604 and OGSG1002
trials were enrolled for this pooled analysis between May
2007 and December 2012. Table 1 shows the patients’ char-
acteristics for the pooled analysis. The most frequent grades
3—4 hematological toxicity was neutropenia, observed in 58
of 113 patients (51%) (Supplementary Table 1). Grade 3
febrile neutropenia was observed in 6 patients (5%).
Treatment completion rates of DS for four cycles
in OGSGO0604 and DS for eight cycles in OGSG1002
were 80.4% (95% CI, 66.9-90.2%) and 77.4% (95% CI,

65.0-87.1%), respectively. In OGSG0604, the reason for
DS therapy discontinuation was adverse events in all ten
patients. There were one, two, three and four treatment
cycles in 2, 2, 6 and 41 patients, respectively. In OGSG1002,
the reasons for DS therapy discontinuation were relapse in 2
patients and adverse events in 12 patients. There were seven
cycles in the two relapsed patients. The number of treat-
ment cycles was one cycle in 2 patients, two in 2, three in
1, four in 3, six in 1, seven in 5 and eight in 48. The S-1
treatment completion rate at 1 year for both trials was nearly
equivalent, and the rates were 69% for all cases, 67% for
0OGSG0604, and 71% for OGSG1002 (Table 2a). The RDI of
DTX in OGSG0604 and OGSG1002 was 89.1% and 82.5%,
respectively. The RDI of S-1 for all cases, OGSG0604, and
OGSG1002 was 80.9%, 80.8%, and 80.9%, respectively
(Table 2b).

Recurrence was observed in 35 cases (31.0%), and the
sites of recurrence are shown in Table 3. The 3-year and
5-year OS were 81.4% (95% CI, 74.5-88.9%) and 70.6%
(95% CI, 62.6-79.5%), respectively (Fig. 1a). The 5-year
OS of stage IIIA and stage IIIB was 74.1% (95% CI,
64.2-85.5%) and 65.2% (95% CI, 52.8-80.5%), respectively
(Fig. 1b). The 3-year and 5-year DFS were 68.7% (95%CI,
60.6-77.9%) and 62.1% (95%CI, 53.7-71.9%), respec-
tively (Fig. 2a). The 5-year DFS of stage IIIA and stage
IIB was 64.3% (95%ClI, 53.5-77.2%) and 58.7% (95% CI,
46.1-74.8%), respectively (Fig. 2b).

Landmark analysis

Figure 3 shows the results of a landmark analysis examin-
ing DS therapy by the number of cycles actually performed.

Table 2 Feasibility (a) and relative dose intensity (b) of S-1 plus docetaxel and S-1 monotherapy following S-1 plus docetaxel

Patients Completed Not completed Treatment

OR [95%CI] P value (Fisher’s exact test)
completing rate
[95%CT]

(a) Feasibility
OGSG0604 S-1 plus docetaxel for 4 51 41 10 80.4% [66.9-90.2] 1.194 [0.439-3.353] p=0.818

cycles
OGSG1002 S-1 plus docetaxel for 8 62 48 14 77.4% [65.0-87.1]

cycles
All cases 113 78 37 69.0% [59.6-77.4]
OGSG0604 S-1 for 1 year 51 34 17 66.7% [52.1-79.2] 0.910 [0.386-2.159] p=0.910
OGSG1002 S-1 for 1 year 62 44 18 71.0% [58.1-81.8]

S-1 docetaxel

(b) Relative dose intensity
All cases 80.9% -
OGSG0604 S-1 plus docetaxel for 4 cycles and S-1 for 1 year 80.8% 89.1%
OGSG1002 S-1 plus docetaxel for 8 cycles and S-1 for 1 year 80.9% 82.5%

CI confidence interval, OR odds ratio
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Table 3 Recurrent site

Total (n=113) OGSG0604 0OGSG1002
(n=51) (n=62)

Recurrence () 78 36 42
Recurrence (+) 35 15 20
Local 3 1 2
Lymph node 16 9 7
Peritonium 14 5 9
Metastatic 14 6 8

Liver 7 4 3

Lung 2 0 2

Others 5 2 3
Unkown 2 0 2

For the 3-year and 5-year OS, survival was better with four
to eight cycles of DS therapy than with one to three cycles,
with the best 3-year OS of 89.8% (95% CI, 81.7-98.7%) and
5-year OS of 77.4% (95% CI, 66.5-90.1%) for eight cycles
(Supplementary Fig. 3a and Fig. 3a). The 3-year DFSs
were 72% and 75% for four and eight cycles of DS therapy,
respectively, whereas there was little difference at 69-71%
when one to three or five to seven cycles were given (Sup-
plementary Fig. 3b). The 5-year DFS was approximately
66% when four or eight cycles of DS therapy were given,
whereas there was little difference at 62-63% when one to
three or five to seven cycles were given (Fig. 3b).

Multivariate analysis

In the multivariate analysis of OS, N2-3 was extracted as
a significant variable, but the difference by trials was not
significant (Table 4a). No variables were found to signifi-
cantly affect the DFS in the multivariate analysis of the DFS
(Table 4b).

Discussion

This 5-year follow-up study of the OGSG0604 trial sug-
gested that postoperative adjuvant chemotherapy with
four cycles of DS followed by S-1 monotherapy for up to
1 year after D2 gastrectomy was efficacious in patients
with stage III gastric cancer, as were the results for eight
cycles (OGSG1002 trial) and six cycles of DS therapy
(JACCRO GC-07 trial). Moreover, in this pooled analysis
of the OGSG0604 and OGSG1002 trials with a follow-up
of a minimum of 5 years, landmark analysis showed that
four or more cycles, preferably eight, are recommended as
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postoperative adjuvant chemotherapy for stage III gastric
cancer, because DS therapy tended to show a better 5-year
OS with four or more cycles compared with three or less
cycles, with eight cycles being the most favorable. By con-
trast, while the 5-year DFS was somewhat better with four
and eight cycles of DS therapy, however, there was little dif-
ference between the numbers of DS cycles. Although eight
cycles of DS therapy may prolong prognosis, the present
study did not provide a clear conclusion as to how many
cycles of DS therapy are needed.

The present study showed that a good 5-year OS can be
achieved with four or more cycles of DS therapy for stage
III gastric cancer. In the 5-year DFS, the survival of four or
eight cycles of DS was better than that of one to three cycles.
However, two patients with seven cycles of DS developed
relapses, which may have contributed to the poor survival of
five to seven cycles of DS. In the multivariate analysis, the
number of scheduled cycles of DS therapy was not a signifi-
cant variable as a factor associated with the OS or DFS. In
the landmark analysis, both the 5-year OS and 5-year DFS
or RFS were more favorable than the results of stage III
gastric cancer in the ACTS-GC trial, and both the 3-year OS
and 3-year DFS or RFS were not inferior to the JACCCRO
GC-07 trial results, even if only one cycle of DS therapy
had been given. [5, 9] However, the stage classification in
the inclusion criteria and the different years of follow-up of
these trials differ somewhat, thus caution is required in inter-
preting the results. Data disclosure showing the actual num-
ber of DS therapy cycles in the JACCRO GC-07 trial and
its association with survival would also be desirable. One
possible reason for the better survival outcome with four or
more cycles of DS therapy may be that the 1-year continua-
tion rate of S-1 in both OGSG trials was similar to that in the
ACTS-GS trial, in addition to the relatively high DS therapy
continuation rate. DS therapy followed by S-1 monotherapy
not only had a good continuation rate of S-1, but also good
compliance with DS therapy, whether four, six, or eight
cycles in the OGSG0604, JACCRO GC-07, or OGSG1002
trials. In the two OGSG trials, as in the JACCRO GC-07
trial, there were no treatment-related mortalities and adverse
events were shown to be manageable and well tolerated,
leading to a favorable survival benefit. [8, 10, 11] Because
there was no difference in the treatment completion rates
between four and eight cycles of DS therapy (80.4% and
77.4%, respectively), serious adverse events were unlikely
to occur after four cycles. The 1-year treatment completion
rate for S-1 in the ACTS-GC and JACCRO GC-07 trials
was 65.8% and 49.3%, respectively, while it was 69.0% for
all cases in both OGSG trials. [4, 8] Because the results
of the OPAS trial showed that S-1 should be continued for
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1 year instead of 6 months in stage II gastric cancer [15], it
appeared important to continue S-1 monotherapy after DS
therapy until the first postoperative year in stage III gastric
cancer. One year of postoperative adjuvant chemotherapy,
including doublet therapy such as DS, is the standard of
care in Japan, however, capecitabine plus oxaliplatin, which
is administered for 6 months, is a regimen that should be
considered as an adjuvant chemotherapy option for stage II1
gastric cancer with fewer adverse events such as alopecia.
In clinical trials of adjuvant chemotherapy, the 3-year
DFS is considered a surrogate marker for the 5-year OS. It
is interesting to note that the results of the landmark analy-
sis in the present study also showed that the 3-year DFS

Year

was generally consistent with the 5-year OS for any number
of DS therapy cycles, which is in agreement with previous
reports. [5, 6]

There are some limitations to this study. The first is that
this study was a pooled analysis of two single-arm phase II
trials with a small number of cases. Second, it is necessary
to take into account that the enrollment period for both trials
was somewhat old, from 2007 to 2012, when ramucirumab
and immune checkpoint inhibitors were not available for
chemotherapy at relapse. Although there are some limita-
tions, it can be said that this is a valuable study showing the
long-term results of the 5-year OS in more than 110 cases
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Fig.2 Kaplan—-Meier estimates
of the 5-year disease-free sur-
vival for all patients (a) and for
patients with stage IIIA (solid
line) or IIIB (dotted line) gastric
cancer (b)
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of postoperative adjuvant chemotherapy with DS therapy for
stage III gastric cancer.

In conclusion, it is possible that eight cycles of DS ther-
apy followed by S-1 monotherapy for up to 1 year after D2
gastrectomy for stage III gastric cancer may prolong the
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prognosis, but the present study did not provide a clear
conclusion as to how many DS therapy cycles are needed
to improve the prognosis. Further analysis of the 5-year
OS results and their relationship with the number of cycles
of DS therapy is awaited in the JACCRO GC-07 trial.
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Fig.3 The 5-year overall survival (a) and 5-year disease-free survival (b) by landmark analysis. CI, confidence interval
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Table 4 Multivariate analysis of 5-year overall survival (a) and 5-year disease-free survival (b)

Factor N (%) Multivariate analysis Variable selection

HR [95%CI] p-value HR [95%CI] P-value
(a) 5-year overall survival
Age (<65/> =65) 59 (52.2) 54 (47.8) 0.625 [0.302, 1.295] 0.207 - -
Sex (male/female) 81 (71.7) 32 (28.3) 0.815 [0.385, 1.723] 0.591 - -
ECOG PS (0/1) 75 (66.4) 38 (33.6) 1.187 [0.567, 2.487] 0.649 - -
Histological type (intentinal/diffuse) 47 (41.6) 66 (58.4) 0.822[0.379, 1.783] 0.619 - -
T (T2/T3-4) 41 (36.3) 72 (63.7) 1.273 [0.432, 3.748] 0.661 - -
N (NO-1/N2-3) 54 (47.8) 59 (52.2) 0.558 [0.244, 1.274] 0.166 0.433 [0.211, 0.869] 0.022
Stage (IITA/IIIB) 67 (59.3) 46 (40.7) 0.577 [0.195, 1.707] 0.321 - -
Regimen (OGSG0604/0GSG1002) 51(45.1) 62 (54.9) 1.438 [0.718, 2.877] 0.305 - -
Factor N (%) Multivariate analysis Variable selection

HR [95%CI] p-value HR [95%CI] P-value
(b) 5-year disease-free survival
Age (<65/> =65) 59 (52.2) 54 (47.8) 0.675 [0.348, 1.309] 0.245 - -
Sex (male/female) 81 (71.7) 32 (28.3) 0.747 [0.383, 1.460] 0.394 - -
PS (0/1) 75 (66.4) 38 (33.6) 1.158 [0.591, 2.269] 0.67 - -
Histological type (intentinal/diffuse) 47 (41.6) 66 (58.4) 0.712 [0.351, 1.442] 0.345 - -
T (T2/T3-4) 41 (36.3) 72 (63.7) 1.212 [0.501, 2.930] 0.67 - -
N (NO-1/N2-3) 54 (47.8) 59 (52.2) 0.809 [0.396, 1.653] 0.561 0.620 [0.337, 1.139] 0.123
Stage (ITIA/IIIB) 67 (59.3) 46 (40.7) 0.734 [0.296, 1.824] 0.506 - -
Regimen (OGSG0604/0GSG1002) 51(45.1) 62 (54.9) 0.892 [0.473, 1.684] 0.725 - -

ECOG PS Eastern Cooperative Oncology Group performance status, HR hazard ratio, CI confidence interval
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