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gastric cancer who receive S-1 adjuvant
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Abstract

Background: Some patients develop recurrence after curative resection and adjuvant chemotherapy. S-1, an oral
fluoropyrimidine, is one of the standard regimens in adjuvant chemotherapy, and is also used in first-line treatment
for advanced/metastatic gastric cancer. It is controversial as to whether the same treatment strategy can be applied
for patients who develop recurrence after adjuvant chemotherapy and those who did not receive adjuvant
chemotherapy. To investigate this issue, we compared the outcomes of patients who developed recurrences
after treatment with or without adjuvant chemotherapy using the results of the Adjuvant Chemotherapy Trial
of S-1 for Gastric Cancer (ACTS-GC).

Methods: Patients who had confirmed recurrence in the ACTS-GC trial were analyzed. We defined 2 independent
cohorts. Cohort 1 patients were divided by whether they received adjuvant chemotherapy (adjuvant S-1 group and
surgery-only group). Cohort 2 patients were divided by whether they received a regimen including S-1 (IS) or not
including S-1 (NIS) after recurrence.

Results: A total of 375 patients experienced recurrence (160 in the adjuvant S-1 group and 215 in the surgery-only
group). In cohort 1, the median time from recurrence to death (TFRD) was 11.4 months (95% confidence interval [CI],
8.4–13.9) in the adjuvant S-1 group and 11.3 months (95% CI, 9.7–13.1) in the surgery-only group (hazard ratio [HR], 1.
05; 95% CI, 0.84–1.31). In cohort 2, 292 patients received chemotherapy after recurrence and were divided into the IS
(n = 189) or the NIS group (n = 103). The median TFRD was 13.9 months (95% CI, 12.7–15.6) in the IS group and
8.1 months (95% CI, 6.6–9.7) in the NIS group (HR, 0.59; 95% CI, 0.45–0.76), and there was no significant interaction
between the adjuvant S-1 group and surgery-only group.

Conclusion: Adjuvant chemotherapy with S-1 prolonged overall survival without influencing the TFRD. The same
treatment strategy may be applied for patients who develop recurrence after adjuvant chemotherapy and those who
did not receive adjuvant chemotherapy.

Trial registration: NCT00152217. First Posted on September 9, 2005.
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Background
Gastric cancer is the third leading cause of cancer-
related death [1] and there were 723,100 deaths from
gastric cancer worldwide in 2012. The mainstay of treat-
ment for gastric cancer is surgery. In addition to surgery,
clinical trials have shown that preoperative and/or post-
operative adjuvant treatment is beneficial for potentially
curable gastric cancer, although different approaches are
used in the USA, European Union, and Asia [2–9].
The results of the Adjuvant Chemotherapy Trial of S-1

for Gastric cancer (ACTS-GC), a Japanese trial evaluating
the effectiveness of 1 year of postoperative treatment with
S-1, showed a significant survival benefit over surgery
alone for patients with stage II or III gastric cancer
according to the Japanese Classification of Gastric
Carcinoma (Second English Edition) [10].
S-1 (Taiho Pharmaceutical, Tokyo, Japan) is an oral

fluoropyrimidine that combines tegafur, a prodrug of 5-
fluorouracil with gimeracil and oteracil potassium in a
molar ratio of 1:0.4:1 [11]. The 5-year overall survival
(OS) rate, the primary endpoint of the ACTS-GC at
5 years was 71.7% in the adjuvant S-1 group and 61.1%
in the surgery-only group, demonstrating the usefulness of
postoperative adjuvant chemotherapy with S-1 (hazard ra-
tio [HR], 0.67; 95% confidence interval [CI], 0.54–0.83)
[12, 13]. The relapse-free survival rate at 5 years was 65.
4% in the adjuvant S-1 group and 53.1% in the surgery-
only group (HR, 0.65; 95% CI, 0.54–0.79). On the basis of
these results, S-1 is currently used as standard postopera-
tive adjuvant chemotherapy for gastric cancer in Japan
and Asian countries. However, approximately 35% of pa-
tients still develop recurrences after curative resection and
adjuvant chemotherapy.
In colorectal, ovarian, and breast cancer, the strategy

of reuse of the same drug as that used for postoperative
adjuvant chemotherapy has been studied in patients
who had postoperative recurrences (colorectal cancer:
ACCENT [14], MOSAIC [15, 16], and NSABP C-07
[17, 18]; ovarian cancer: Markman et al. [18], ICON4/
AGO-OVAR-2.2 [19], Harries et al. [20] and Fung et al.
[21]; and breast cancer: RHEA [22]). In these cancers,
similar to gastric cancer, the same drugs are used for
adjuvant chemotherapy and for advanced/metastatic
cancer treatment. In Asian and some European coun-
tries, S-1 is used as adjuvant chemotherapy and also as
first-line treatment for advanced/metastatic gastric can-
cer. It is unclear whether regimens including S-1 show
similar efficacy in those who develop recurrence after
S-1 adjuvant chemotherapy as those who are naïve to
S-1. Thus, we performed this exploratory analysis using
the results of the ACTS-GC trial to investigate the dur-
ation of survival after recurrence comparing those who
previously received a regimen including S-1 with those
had not received S-1.

Methods
Patients, treatments, and follow-up
Patients were randomly assigned to either the adjuvant
S-1 group or the surgery-only group in the ACTS-GC.
The institutions participated in the ACTS-GC were
shown in Additional file 1: Text S1. The main inclusion
criteria were as follows: age 20–80 years, histologically
confirmed stage II, IIIA, or IIIB after curative surgery,
D2 or more extensive lymph node dissection with R0
surgery, adequate oral intake, and preserved major organ
function. Tumor stage classification and D classification
were in accordance with the Japanese Classification of
Gastric Carcinoma (Second English Edition) [10]. The
detailed inclusion and exclusion criteria were described
previously [12].
Patients assigned to the adjuvant S-1 group received

S-1 as adjuvant chemotherapy. S-1 was orally adminis-
tered at a dose corresponding to the patient’s body sur-
face area (BSA) (40 mg with BSA < 1.25 m2; 50 mg
with BSA 1.25–1.5 m2; 60 mg with BSA > 1.5 m2) twice
daily after meals for 28 consecutive days, followed by a
14-day rest period. Treatment was continued for 1 year
after surgery.
Patients assigned to the surgery-only group received

no anticancer treatment postoperatively until recur-
rence was confirmed either clinically or with imaging
studies, which included ultrasonography, computed
tomography, gastrointestinal radiography, and endos-
copy. Every patient was followed up for 5 years after
the date of surgery or death. Those who were alive at
5 years were censored at this point. Treatment after re-
currence was not specified in the original protocol. Fur-
ther details have been reported previously [12, 13].
Patients who had confirmed diagnosis of recurrent gas-
tric cancer were included in this analysis.

Cohort definition
We defined 2 different cohorts. In cohort 1, patients
were divided by whether they received adjuvant
chemotherapy. This cohort was used to investigate
whether there were any differences in survival after
recurrence between patients in the S-1 and surgery
alone arm.
Cohort 2 patients were divided by whether they re-

ceived a regimen including S-1 (IS) or not including S-
1 (NIS) after recurrence. This cohort was used to inves-
tigate whether the efficacy of reuse of S-1 after recur-
rence was the same in those who received S-1 as
adjuvant chemotherapy and those who were completely
chemotherapy naïve. The IS group consisted of patients
who received S-1-based chemotherapy for treatment of
recurrent gastric cancer.
Patients assigned to the adjuvant S-1 group were

divided into 2 groups according to whether they had
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developed recurrent disease within 6 months after the
completion of adjuvant chemotherapy with S-1 (including
recurrence during postoperative adjuvant chemotherapy
with S-1), or at 6 or more months after the completion of
adjuvant chemotherapy. This classification was based on
the fact that recurrent tumors within 6 months after ter-
mination of adjuvant chemotherapy showed a different re-
sponse to chemotherapy regimens in some other cancers,
such as ovarian cancer.

Statistical analysis
Time from recurrence to death (TFRD) was defined
as the interval from the date of recurrence to the
date of death from any cause. Survival rates were esti-
mated by the Kaplan-Meier method. A Cox propor-
tional hazards model was used to calculate HRs. A
subgroup analysis was performed for the factors that
may influence the outcome. Multivariate survival ana-
lysis was performed using a Cox proportional hazards
model after checking for validity of the proportional
hazards assumption by plotting log-minus-log survival
curves. The distributions of patient characteristics
between the two groups were compared using chi-
square test. Results were defined as statistically sig-
nificant at P < 0.05. All statistical analyses were
performed with SAS software version 9.1 (SAS Institute
Inc., Cary, NC, USA).

Results
Patients
Within 5 years after surgery, 375 out of 1034 eligible pa-
tients experienced recurrence (160 in the adjuvant S-1
group and 215 in the surgery-only group). Among these
patients, 121 (75.6%) in the adjuvant S-1 group and 171
(79.5%) in the surgery-only group received chemother-
apy after recurrence (Fig. 1). Eighty-three out of 375 re-
ceived non-chemotherapeutic treatment (e.g., surgery,
radiotherapy, or best supportive care: 39 in the adjuvant
S-1 group and 44 in the surgery-only group). To treat
the recurrence, S-1-based regimens were administered
to 57 of 121 (35.6%) in the adjuvant S-1 group and 132
of 171 (61.4%) in the surgery-only group (P < 0.001)
(Table 1).

TFRD (adjuvant S-1 group and surgery-only group)
The TFRD was analyzed according to the treatment
group assigned at the time of enrollment in the ACTS-
GC (adjuvant S-1 or surgery-only group) (Fig. 2a). The
median duration of follow-up from recurrence was 43.
4 months. The median TFRD was 11.4 (95% CI, 8.4–13.9)
and 11.3 months in the adjuvant S-1 group (n = 160)
and the surgery-only group (n = 215), respectively.
The HR for death in the adjuvant S-1 group, as
compared with the surgery-only group, was 1.05
(95% CI, 0.84–1.31). Among patients who received
chemotherapy after the recurrence (adjuvant S-1

Fig. 1 CONSORT diagram. Among eligible patients enrolled in the ACTS-GC, patients confirmed to have recurrence were included in this analysis.
D1, D1 lymphadenectomy; ITT, intention to treat
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group, n = 121; surgery-only group, n = 171), the median
duration of follow-up after recurrence was 41.4 months.
The median TFRD was 12.2 months (95% CI, 8.6–15.0)
in the adjuvant S-1 group and 12.7 months (95% CI, 10.4–
13.8) in the surgery-only group. The HR for death in

the adjuvant S-1 group, as compared with the
surgery-only group, was 1.12 (95% CI, 0.87–1.44)
(Fig. 2b). The regimens used for the patients who re-
ceived chemotherapy after recurrences are shown in
Additional file 2: Figure S1a.

Table 1 Patient characteristics in cohort 1

Cohort 1 S-1 adjuvant
(n = 160)

Surgery only
(n = 215)

Χ square test
p-value

Sex Male 111 (69.4) 148 (68.8) 0.911

Female 49 (30.6) 67 (31.2)

Age (years)a < 60 45 (28.1) 67 (31.2) 0.577

60–69 57 (35.6) 81 (37.7)

70–81 58 (36.3) 67 (31.2)

Histologic type Differentiated 62 (38.8) 74 (34.4) 0.345

Undifferentiated 98 (61.3) 139 (64.7)

Others 0 (0.0) 2 (0.9)

Cancer stageb

(Japanese Classification)
II 39 (24.4) 67 (31.2) 0.143

IIIA 68 (42.5) 95 (44.2)

IIIB 53 (33.1) 53 (24.7)

Site of first relapsec Local 11 (6.9) 17 (7.9) 0.707

Lymph nodes 30 (18.8) 53 (24.7) 0.173

Peritoneum 76 (47.5) 97 (45.1) 0.647

Hematogenous 59 (36.9) 69 (32.1) 0.334

Treatment after relapse

Chemotherapy Yes 121 (75.6) 171 (79.5) 0.367

No 39 (24.4) 44 (20.5)

Chemotherapy including S-1 Yes 57 (35.6) 132 (61.4) < 0.001

No 103 (64.4) 83 (38.6)

Surgery Yes 13 (8.1) 23 (10.7) 0.403

No 147 (91.9) 192 (89.3)

Radiotherapy Yes 5 (3.1) 4 (1.9) 0.429

No 155 (96.9) 211 (98.1)
aAge at time of recurrence
bCancer stage: Japanese Classification of Gastric Carcinoma (Second English Edition)
cSome patients had an initial recurrence at more than one site

a b

Fig. 2 TFRD in cohort 1. TFRD among (a) all patients who had recurrent disease and (b) patients who received chemotherapy after the
development of recurrent disease
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TFRD according to the chemotherapy regimen used after
recurrence: IS vs. NIS
The details of the IS or NIS groups are shown in Table 2.
In both treatment groups combined, the median dur-
ation of follow-up after recurrence was 41.4 months.
The median TFRD was 13.9 months (95% CI, 12.7–15.6)
in the IS group (n = 189) and 8.1 months (95% CI, 6.6–9.7)
in the NIS group (n = 103). The HR for death in the IS
group, as compared with the NIS group, was 0.59 (95% CI,
0.45–0.76) (Fig. 3a). In the adjuvant S-1 group, the median
duration of follow-up after recurrence was 41.4 months.
The median TFRD was 14.9 months (95% CI, 12.3–19.4)
in the IS group (n = 57) and 8.2 months (95% CI, 6.5–11.6)
in the NIS group (n = 64). The HR for death in the IS
group, as compared with the NIS group, was 0.61 (95% CI,
0.42–0.91) (Fig. 3b). In the surgery-only group, the median
duration of follow-up from recurrence was 38.6 months.
The median TFRD was 13.8 months (95% CI, 12.2–15.8)
in the IS group (n = 132) and 6.9 months (95% CI, 4.8–9.9)
in the NIS group (n = 39). The HR for death in the IS
group, as compared with the NIS group, was 0.54 (95% CI,
0.37–0.79) (Fig. 3c). The TFRD was analyzed according
to sex, age, histologic type, stage, timing of recurrence
after surgery, and type of recurrence (Fig. 4). In sub-
group analysis, there was no significant interaction be-
tween the adjuvant S-1 group and surgery-only group
(P = 0.63, Additional file 3: Table S1). Moreover, the
interactions between the IS and NIS groups were

analyzed in both treatment groups combined, the adju-
vant S-1 group and the surgery-only group. There was
no significant interaction except for the age subgroup
in the adjuvant S-1 group (P = 0.0059, Fig. 4). The out-
comes were better in the IS group except for the age
subgroups, irrespective of whether patients received S-1
as postoperative adjuvant chemotherapy.

TFRD according to the interval between completion of
adjuvant chemotherapy and recurrence in the adjuvant
S-1 group
The median TFRD was 13.4 months in the IS group and
6.8 months in the NIS group (HR, 0.57; 95% CI 0.30–1.
08, P = 0.078) among patients with a recurrence-free
interval (RFI) of less than 6 months. The median TFRD
was 15.2 months in the IS group and 11.0 months in the
NIS group (HR, 0.67; 95% CI 0.40–1.13, P = 0.13) among
patients with an RFI of 6 months or longer. The 2 groups
were not sufficiently large to allow definitive statistical
conclusions, but the IS group seemed to have better OS
after recurrence, irrespective of the interval between com-
pletion of adjuvant treatment and recurrence.

Influence on survival after recurrence (multivariate
analysis)
Among the eligible subjects, 375 patients who had recur-
rent gastric cancer (adjuvant S-1 group, n = 160; surgery-
only group, n = 215) were included in multivariate Cox

Table 2 Patient characteristics in cohort 2

Cohort 2 IS group
(n = 189)

NIS group
(n = 103)

Χ square test
p-value

Sex Male 134 (70.9) 72 (69.9) 0.858

Female 55 (29.1) 31 (30.1)

Age (years)a < 60 60 (31.8) 38 (36.8) 0.199

60–69 68 (36.0) 42 (40.8)

70–81 61 (32.3) 23 (22.3)

Histologic type Differentiated 71 (37.6) 39 (37.9) 0.906

Undifferentiated 117 (61.9) 63 (61.2)

Others 1 (0.5) 1 (1.0)

Cancer stageb

(Japanese Classification)
II 64 (33.9) 25 (24.3) 0.226

IIIA 73 (38.6) 44 (42.7)

IIIB 52 (27.5) 34 (33.0)

Time from surgery to relapse (years) < 1 y 56 (29.6) 41 (39.8) 0.078

≥ 1 y 133 (70.4) 62 (60.2)

Site of first relapsec Local 16 (8.5) 2 (1.9) 0.027

Lymph nodes 51 (27.0) 24 (23.3) 0.491

Peritoneum 79 (41.8) 55 (53.4) 0.057

Hematogenous 63 (33.3) 36 (35.0) 0.780
aAge at time of recurrence
bCancer stage: Japanese Classification of Gastric Carcinoma (Second English Edition)
cSome patients had initial recurrence at more than one site
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regression analysis to examine factors related to sur-
vival after recurrence (Additional file 4: Table S2). The
HR for death was 0.64 (95% CI, 0.50–0.88, P < 0.001)
among 225 patients who had recurrence more than
1 year after surgery (after completion of adjuvant treat-
ment), as compared with 120 patients who had

recurrence within 1 year after surgery (within adjuvant
treatment periods), suggesting that the interval from
surgery to recurrence is a determinant of the duration
of survival after recurrence. The regimens used for pa-
tients who received chemotherapy after recurrence are
shown in Additional file 2: Figure S1b, S1c.

Fig. 4 Subgroup analysis of the TFRD in each group. All groups, adjuvant S-1 group, and surgery-only group

a

cb

Fig. 3 TFRD in cohort 2. TFRD for patients who received regimens (a) including S-1 and those who received regimens not including S-1 after
recurrence (both treatment groups combined), (b) including S-1 and those who received regimens not including S-1 after recurrence (adjuvant
S-1 group) and (c) including S-1 and those who received regimens not including S-1 after recurrence (surgery-only group)
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Discussion
Our study results suggest that the same treatment strat-
egy can be applied to patients who develop recurrence
after adjuvant chemotherapy and to those who have re-
currence without adjuvant chemotherapy. To the best of
our knowledge, similar studies, using results of phase III
or meta-analysis, have not been performed in the field of
gastric cancer. This analysis is the first investigation on
this scale for gastric cancer. Two smaller retrospective
reports [23, 24] have been previously published. Shitara
et al. published a single-center and a multicenter retro-
spective study. In the single-center study, patients who
developed recurrences after adjuvant chemotherapy with
S-1 were retrospectively divided by whether they re-
ceived S-1-containing regimen or non-S-1-containing
regimen after recurrence. The non-S-1-containing regi-
men group had a high response rate and better
progression-free survival than the S-1-containing regi-
men group [23]. In contrast, the multicenter report
showed that S-1 plus cisplatin (SP) therapy, as first-line
chemotherapy after recurrence, yielded excellent results
in patients with an RFI of at least 6 months [24].
In our exploratory analysis of data from the ACTS-

GC, patients who received adjuvant chemotherapy with
S-1 tended to have a similar prognosis after recurrence
as patients who did not receive adjuvant chemotherapy.
In other words, prolonged OS in ACTS-GC study may
directly reflect the relapse free survival (RFS) benefit of
the adjuvant chemotherapy. This finding was consistent
even when limiting the analysis to patients who received
chemotherapy after recurrence.
Another clinical question is the selection of a regimen

for patients with recurrence after adjuvant chemother-
apy. Generally, as a principle of chemotherapy, reuse of
the same drug is rarely considered for refractory pa-
tients. However, it is not clear whether the same strategy
should be applied to patients with recurrence after adju-
vant chemotherapy. Our analysis revealed that reuse of
an S-1 including regimen after recurrence showed better
results than a regimen without S-1 for all populations
(both treatment groups combined, adjuvant S-1 group,
and surgery-only group).
There were some limitations to our analysis; for ex-

ample, some of the detailed information on patient char-
acteristics such as performance status at recurrence and
availability of oral administration was lacking, and thus,
the effects of such factors could not be excluded. To
minimize any bias, subgroup analysis was performed ac-
cording to factors that may influence prognosis, includ-
ing age at recurrence, timing of recurrence, and site of
recurrence. We found the IS regimen had a better out-
come than NIS for almost all subgroups. An interaction
was found only in the subgroup of age at recurrence in
the adjuvant S-1 group, although the difference was not

significant (HR = 1.37, 95% CI 0.67–2.78). Thus, for pa-
tients younger than 60 years at the time of recurrence, a
regimen not including S-1 should be considered.
The XParTS trial, a phase II trial with a small sample

size, investigated the efficacy of reuse of fluoropyrimidine-
based anticancer agents in patients receiving adjuvant
chemotherapy with S-1, and its results suggested this regi-
men’s efficacy in patients with recurrence after adjuvant
chemotherapy [25]. This finding supports our analysis re-
sults. Currently, a phase II trial (KSCC1001, UMIN ID:
UMIN000004303) is investigating the efficacy of SP ther-
apy in patients with gastric cancer who had recurrence at
least 6 months after adjuvant chemotherapy with S-1, and
a randomized phase II trial (OGSG1103, UMIN ID:
UMIN000006105) is investigating the efficacy of SP and
capecitabine plus cisplatin therapies in patients with
gastric cancer who had recurrences after adjuvant
chemotherapy with S-1. We may need to re-interpret
our analysis results in the context of the results of these
studies.

Conclusions
Our analysis showed that postoperative adjuvant chemo-
therapy with S-1 for stage II or III gastric cancer pro-
longed recurrence-free survival without influencing the
TFRD. Furthermore, our results suggest that S-1-based
regimens may be effective for the management of pa-
tients with recurrent gastric cancer who received S-1 as
adjuvant chemotherapy. Patients with recurrence after
adjuvant chemotherapy with S-1 may have the same de-
gree of sensitivity to chemotherapy for recurrent gastric
cancer as those who develop recurrences without adju-
vant chemotherapy. Thus, the same treatment strategy
may be applied to patients who develop recurrences
after adjuvant chemotherapy and those who did not re-
ceive adjuvant chemotherapy.
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