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Abstract
Background One-year adjuvant S-1 monotherapy following D2 gastrectomy has been the Japanese treatment standard for 
pathological stage II or III gastric cancer since the Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC) 
was concluded in 2007. Trial patients were selected according to the 13th edition of the Japanese classification (JC-13). 
The JC-13 and the TNM classification underwent major revisions in 2010 (JC-14/TNM-7). However, neither the recent 
therapeutic results for patients with stage II/III disease defined by the current system nor comparisons with the ACTS-GC-
results have been reported.
Methods The 390 study patients had pathological stage II/III gastric cancer defined by the JC-14/TNM-7 and treated with 
S-1 following D2 gastrectomy between 2008 and 2012. The completion rate of 1-year S-1, first relapse site, and stage-
specific survival according to the JC-14/TNM-7, JC-13, and TNM-6 were examined and the results compared with those 
of the ACTS-GC.
Results The completion rate for 1-year S-1 (69.5%) was slightly higher than in the ACTS-GC. The recurrence pattern was 
almost identical. The 5-year overall survival rates of pathological IIA, IIB, IIIA, IIIB, and IIIC in the JC-14/TNM-7 were 
96.0, 85.5, 81.8, 72.0, and 51.1%, respectively. Their 5-year overall and relapse-free survival rates by the JC-13 and TNM-6 
systems were favorable as compared to those of ACTS-GC patients for all substages.
Conclusions Survival outcome shown in this study of patients treated with 1-year adjuvant S-1 after D2 gastrectomy at a 
high-volume cancer hospital will provide a reference for future adjuvant trials targeting JC-14/TNM-7 stage II/III disease.
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Introduction

Gastric cancer is the third leading cause of cancer-related 
death in the world [1]. Gastrectomy is the principal treat-
ment, with chemo- or chemoradiotherapy added to improve 

the survival of patients with locally advanced tumors. 
Although neo-adjuvant chemotherapy is increasingly used in 
Western countries [2], primary surgery followed by adjuvant 
chemotherapy is still the mainstream therapeutic strategy in 
Japan [3], where many tumors are detected at a relatively 
early stage and thus can be cured by surgery alone or in a 
surgery-first approach.

The Adjuvant Chemotherapy Trial of S-1 for Gastric Can-
cer (ACTS-GC) was the first pivotal trial to show a signifi-
cant survival benefit of adjuvant chemotherapy [4, 5]. The 
more than 1000 patients enrolled in the trial were treated at 
109 Japanese hospitals, including ours, after strict eligibil-
ity screening for intraoperative negative peritoneal cytology, 
complete D2 lymphadenectomy, and pathological confirma-
tion of stage II or stage III disease. After publication of the 
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trial’s results, in 2007, showing a 10% higher 5-year sur-
vival rate in the adjuvant group than in the surgery group, 
1-year S-1 administration became the standard treatment for 
patients with pathologically confirmed stage II or III gastric 
cancer in Japan [3].

In the subsequent 10 years, extensive experience with this 
therapy has accumulated nationwide, but survival outcomes 
have not yet been reported or compared with those deter-
mined by the ACTS-GC. One of the problems is the major 
change in the gastric cancer staging system that took place 
after the ACTS-GC. Until the 13th edition of the Japanese 
Gastric Cancer Association (JGCA) staging system (JC-13), 
published in 1999, the extent of lymph node metastasis was 
assessed based on the anatomic location of the metastatic 
nodes [6, 7]. The TNM system of the American Joint Com-
mittee on Cancer (AJCC) and the International Union for 
Cancer Control (UICC) had a similar, anatomically based 
nodal staging system until the 4th edition (TNM-4) [8, 9], 
but beginning with TNM-5, published in 1997, a numerical 
system was substituted in which nodal metastasis was graded 
by the number of metastatic nodes [10, 11]. The ACTS-GC 
was conducted using the JC-13 system and the trial con-
cluded in 2007. In 2010, the JGCA abandoned the traditional 
nodal grouping method and adopted a numerically based 
system (JC-14) together with major revisions of the AJCC/
UICC (TNM-7). JC-14 and TNM-7 employ the same, new 
definitions of T- and N-categories and stage groups that are 
widely in use elsewhere in the world [12–15]. Thus, the cur-
rent pathological stage II or III is not the same as it was in 
the ACTS-GC, especially with respect to the subgroups of 
these stages.

To date, the stage-specific survival outcomes of patients 
who received S-1 adjuvant therapy have yet to be evaluated 
according to the current staging system. In addition, the sur-
vival of ACTS-GC patients vs. those treated according to 
current practice has not been compared using the same stag-
ing system. As this information will be useful as a reference 
in future clinical trials, especially for those targeting more 
specific substages, we conducted a retrospective study at our 
high-volume specialized center analyzing patient survival 
according to different staging systems. We also compared 
our results with those in ACTS-GC by converting our data 
from JC-14 to JC-13.

Patients and methods

Patients

The data of patients who underwent R0 gastrectomy at the 
Cancer Institute Hospital, Tokyo, between January 2008 and 
December 2012 were retrospectively reviewed from our pro-
spective database. Data recorded in the pathology section of 

the database include the location and depth of the primary 
tumor, the number and location of dissected lymph nodes, 
and the number and location of metastatic nodes. Thus, each 
tumor can be stage-grouped according to any staging system, 
including the JC-13, JC-14, TNM-6, or TNM-7 [16, 17]. 
Our study population consisted of 390 patients with patho-
logical stage II or III gastric cancer, diagnosed based on the 
current staging system (JC-14/TNM-7). All of the patients 
satisfied the other eligibility criteria of the ACTS-GC and 
had received standard adjuvant S-1 monotherapy (Fig. 1). 
The median follow-up period was 60 months (range 5–96 
months).

Adjuvant therapy

S-1 monotherapy was planned and administered according 
to the standard protocol of the ACTS-GC: 80–120 mg S-1/
day for 4 weeks, followed by 2 weeks of rest, to be con-
tinued either for a year after surgery or for eight courses. 
All patients were treated in the outpatient setting. Dose or 
schedule modifications of S-1 due to adverse events or the 
patient’s condition were made mostly according to the stand-
ardized methods described in the ACTS-GC protocol [4].

In 2008 and 2009, S-1 was prescribed by either medi-
cal oncologists or surgeons, and thereafter only by medical 
oncologists. Patients visited the hospital every 2–6 weeks 
during S-1 therapy, then every 3 months during the follow-
ing year, and every 6 months thereafter up to 5 years after 
surgery. They were evaluated based on the results of a physi-
cal examination, blood test, including the tumor markers 
CEA and CA19-9, and half-yearly abdominal computed 

No adjuvant therapy (n=75)
Physician's decision (n= 34)
Patient’s hope (n=17)
Poor PS (n=9)
Post operative complications (n=5)
Early recurrence (n=4) 
Hospital transfer (n=3)
Others (n=3)

Adjuvant S-1 
n=390

Adjuvant chemotherapy 
n=404

Received other regimens (n=12)
Capecitabine + oxaliplatin (n=10)
S-1 + cisplatin (n=2)

Pathological stage II, III
n=622

Excluded (n=143)
Lymph node dissection < D2 (n=42)
Neoadjuvant chemotherapy (n=37)
Age ≥ 81 (n=33)
Synchronous cancer (n=20)
Remnant gastric cancer (n=9)
Histological special types (n=2)

n=479

Fig. 1  Scheme of patients with stage II or III gastric cancer who 
received standard adjuvant S-1 monotherapy following D2 gastrec-
tomy. PS performance status
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tomography or ultrasonography. Endoscopy was performed 
1, 3, and 5 years after the distal gastrectomy.

In this study, the completion of S-1 therapy was defined 
as S-1 continuing one year to the day after surgery, regard-
less of the number of courses or total dose. Otherwise the 
case was regarded as S-1 discontinuation, regardless of the 
reason.

Staging systems

Gastric cancer was stage-grouped according to three differ-
ent systems: the JC-14 (identical to TNM-7) for the primary 
study purpose, and the JC-13 and TNM-6 for comparison 
with the results of the ACTS-GC. Matrixes of these systems 
are shown in Fig. 2.

Statistical analysis

Overall survival (OS) was defined as the interval from the 
date of surgery to the date of death from any cause. Relapse-
free survival (RFS) was defined as the interval from surgery 
to the date of confirmed relapse or death from any cause. 
The survival rate was estimated using the Kaplan–Meier 
method. All statistical analyses were performed using the 
SPSS statistical software ver. 24.0 for Windows.

Results

Patients

The clinicopathological features of the 390 patients are 
shown in Table 1. For comparison, data of the S-1 group of 
ACTS-GC patients, available from the published papers, are 
also presented. Age, sex, and type of gastrectomy were very 
similar between our patients and those of the ACTS-GC. The 
distribution of pathological stage groups, whether according 
to the JC-13 or TNM-6, was also similar in the two cohorts 
but our series included more patients with advanced stages. 
Some patients in our study with stage IIIB or IIIC according 
to the JC-14 had stage IV disease according to the JC-13 or 
TNM-6, mainly because of lymph node metastases judged 
as N3 (thus stage IV) in the latter systems.

Adjuvant therapy

Table 2 summarizes the compliance with S-1 monotherapy. 
The completion rate in our cohort was 69.5%. Within this 
group, 54.6% of the patients required a dose reduction and/
or schedule modification. Ten patients started S-1 therapy 
at our institution but moved to another hospital thereafter, 
such that S-1 completion could not be determined (although 
the vital status of the patients was confirmed). Excluding 
these ten patients, the completion rate was 71.3%. In the 

Fig. 2  Matrixes of the staging 
systems according to JC-14/
TNM-7, and JC-13, and TNM-
6. JC-14 Japanese Classifica-
tions 14th edition, TNM-7 
the Union for International 
Cancer Control 7th edition and 
American Joint Committee 
on Cancer 7th edition, JC-13 
Japanese Classifications 13th 
edition, TNM-6 the Union for 
International Cancer Control 
6th edition and American Joint 
Committee on Cancer 6th 
edition

N0 N1 N2 N3

0 1 - 6 7 - 15 16 -

T1 M, SM IA IB II IV

T2 MP, SS IB II IIIA IV

T3 SE II IIIA IIIB IV

T4 SEI IIIA IV IV IV

TNM-6

N0 N1 N2 N3

0 1 - 2 3 - 6 7 -

T1 M, 
SM IA IB IIA IIB

T2 MP IB IIA IIB IIIA

T3 SS IIA IIB IIIA IIIB

T4a SE IIB IIIA IIIB IIIC

T4b SEI IIIB IIIB IIIC IIIC

JC-14
TNM-7N0 N1 N2 N3

0 G1* G2* G3*

T1 M, SM IA IB II IV

T2 MP, SS IB II IIIA IV

T3 SE II IIIA IIIB IV

T4 SEI IIIA IIIB IV IV

JC-13

M, mucosa; SM, submucosa; MP, muscularis propria; SE, 
serosa exposed; SEI, invading adjacent structure

*G1, G2, G3 Groups are determined based on the primary 
tumor location and the involved lymph node location

Target in this study

Target in ACTS-GC trial
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ACTS-GC, the 12-month compliance was 65.8%, with modi-
fications needed in the treatment of 46.5% of the patients. 
Adjuvant S-1 therapy was discontinued in 28.7% of our 
patients, most often due to adverse events, followed by dis-
ease recurrence. In the ACTS-GC, discontinuation due to 
treatment refusal was far higher than in our cohort (13.7 
vs. 1.8%).

First relapse site

During the follow-up period, recurrent disease was con-
firmed in 115 patients (29.5%). The first sites of recurrence 
are listed in Table 3, together with the data reported in the 
final report of the ACTS-GC [5]. Peritoneal recurrence was 
the most common, followed by hematogenous and lymph 
node recurrences. The proportions and patterns of recur-
rence were very similar between the two cohorts.

Survival

The vital status of all patients was available at the time of 
analysis, except for two non-Japanese Asians who returned 
to their country during follow-up and were thus censored. 
According to the JC-14/TNM-7, the 3-year RFS rates of 
patients with pathological stage II and III disease were 89.6 
and 69.8%, and those of patients with stage IIA, IIB, IIIA, 
IIIB, and IIIC disease 100, 87.3, 87.2, 68.7, and 56.4%, 
respectively. The 5-year RFS rates of patients with patho-
logical stage II and III disease were 86.7 and 62.4%, and 
those of patients with stage IIA, IIB, IIIA, IIIB, and IIIC 
disease 96.0, 84.5, 78.2, 66.3, and 45.7%, respectively. The 
5-year OS rates of patients with pathological stage II and 
III disease were 87.3 and 67.3%, and those of patients with 
stage IIA, IIB, IIIA, IIIB, and IIIC disease 96.0, 85.5, 81.8, 
72.0, and 51.1%, respectively.

The OS and RFS curves are shown in Fig. 3. Accord-
ing to the JC-14/TNM-7, the distance between the stage IIB 
and IIIB curves was greater for RFS (Fig. 3a) than for OS 
(Fig. 3b).

Figure 3c–f shows the survival curves according to the 
JC-13 and TNM-6 classifications. The blue lines represent 
stage IV disease according to these systems but stage II or 
III according to the JC-14, and for the most part overlapped 
with that representing stage IIIB disease.

Table 4 compares the 5-year survival rates of our patients 
and those of the S-1 group in the ACTS-GC based on the 
JC-13 and TNM-6 systems. While the inter-substage dif-
ferences in the 5-year survival rates of the two cohorts 

Table 1  Baseline characteristics of the 390 enrolled patients and 
those of the ACTS-GC

ACTS-GC Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer, 
JC-14 Japanese Classifications 14th edition, JC-13 Japanese Classifi-
cations 13th edition, TNM-7 the Union for International Cancer Con-
trol 7th edition and American Joint Committee on Cancer 7th edition, 
TNM-6 the Union for International Cancer Control 6th edition and 
American Joint Committee on Cancer 6th edition
a Number of patients with T2 disease as defined by the JC-13/TNM-6, 
corresponding to T2 and T3 disease as defined by the JC-14/TNM-7
b Number of patients with N1 as defined by the TNM-6, correspond-
ing to N1 and N2 as defined by the JC-14/TNM-7

Characteristic This study (n = 390) ACTS-GC S-1 
group (n = 529)

Sex, n (%)
 Male 270 (69.2) 367 (69.4)
 Female 120 (30.8) 162 (30.6)

Median age (years old) (range) 64 (27–80) 63 (27–80)
Type of gastrectomy, n (%)
 Total 165 (42.3) 220 (41.6)
 Distal 225 (57.7) 301 (56.9)

Tumor  locationc, n (%)
 Lower 109 (27.9)
 Middle 159 (40.8)
 Upper 109 (27.9)
 Entire 13 (3.3)

Histological  typec, n (%)
 Differentiated 135 (34.6)
 Undifferentiated 255 (65.4)

pT (JC-14/TNM-7), n (%)
 T2 60 (15.4) 289 (54.6)a

 T3 100 (25.7)
 T4a 212 (54.4) 225 (42.5)
 T4b 18 (4.6) 14 (2.6)

pN (JC-14/TNM-7), n (%)
 N0 52 (13.3) 51 (9.6)
 N1 100 (25.6) 331 (62.6)b

 N2 107 (27.4)
 N3a 88 (22.6) 117 (22.1)
 N3b 43 (11.0) 30 (5.7)

pStage (JC-14/TNM-7)c, n (%)
 IIA 25 (6.4)
 IIB 110 (28.2)
 IIIA 78 (20.0)
 IIIB 83 (21.3)
 IIIC 94 (24.1)

pStage (JC-13), n (%)
 II 149 (38.2) 236 (44.6)
 IIIA 138 (35.4) 202 (38.2)
 IIIB 93 (23.8) 90 (17.0)
 IV 10 (2.6) 1 (0.2)

pStage (TNM-6), n (%)
 II 169 (43.3) 264 (49.9)
 IIIA 111 (28.5) 170 (32.1)
 IIIB 54 (13.8) 54 (10.2)
 IV 56 (14.4) 40 (7.6)

c Blank data in ACTS-GC S-1 group were not described in the con-
sulted articles

Table 1  (continued)
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were similar, our patients had higher survival rates in all 
substages.

Discussion

This study provides new information on the recent long-term 
outcomes of patients who underwent adjuvant S-1 mono-
therapy after D2 gastrectomy for pathological stage II and 
III disease as defined by the JC-14/TNM-7. It also provides 
a first comparison of the survival of patients who received 
adjuvant S-1 monotherapy at a high-volume center with that 
of ACTS-GC patients, by applying the same staging sys-
tems, i.e., the JC-13 and TNM-6, to the two cohorts.

The survival rates of patients administered adjuvant S-1 
monotherapy at our hospital were favorable. The OS curves 
of those with stage IIB, IIIA, or IIIB disease were very close 
to each other (Fig. 3b). Even in patients with pathological 
stage IIIC disease, the 5-year OS was 51.1%. Future adjuvant 
or neo-adjuvant therapy using new regimens are expected to 
exceed these results.

Both OS and RFS rates were higher in our patients than 
in ACTS-GC patients, in all substages of the JC-13 and 
TNM-6 (Tables 4). The reasons for this are likely to be 

multifactorial. First, patient characteristics may be different 
between the two cohorts. Although the median age of the 
patients was the same, patients treated in specialized centers 
in large cities may be physically fitter and more carefully 
selected with recently available, advanced diagnostic tech-
niques than those treated at general hospitals in the ACTS-
GC period. Second, stage migration phenomenon should 
be considered. The proportion of patients with > 15 meta-
static lymph nodes (Table 1, pN3b) was higher in our cohort 
(11%) than in the ACTS-GC (5.7%). This suggests that, at 
specialized centers, the lymph nodes are more meticulously 
retrieved from the resected specimen after surgery and are 
thus more positive nodes are detected, thereby the N-cate-
gory is up-staged than at general hospitals. This may also 
be the case for T-category; a larger number of tumor slices 
per specimens made by pathologists in a specialized center 
may detect a deeper tumor invasion thereby the T-category 
is up-staged. This would in most cases result in stage migra-
tion and in our patients may account for their better survival 
across all disease stages. Third, the managements of adju-
vant S-1 therapy may have differed, since the 1-year comple-
tion rate was higher in our study than in the ACTS-GC, the 
proportion of dose reduction and/or schedule modifications 
was higher, and the rate of therapy withdrawal due to treat-
ment refusal was far lower. In the ACTS-GC, S1-therapy 
was mostly administered by surgeons, at many different 
hospitals, whereas in our patients it was meticulously man-
aged by medical oncologists at a single specialized center, 
which may have contributed to a higher completion rate of 
S-1 adjuvant therapy and thus to better outcomes. Fourth, 
most of our patients with relapse received a second or even 
a third line of chemotherapy, which may have prolonged 
OS. However, because the differences between stage-specific 
RFS and OS were similar between our patients and those of 
the ACTS-GC (Tables 4), this assumption may not be valid.

Gastric cancer staging systems underwent an enormous 
change, from an anatomically based to a numerically based 
N, between the AJCC/UICC of 1997 and the JGCA of 
2010. While earlier classifications (JC-13 or TNM-6) can 

Table 2  Feasibility of S-1 
monotherapy after curative D2 
gastrectomy

ACTS-GC Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer

No. of patients (%)

This study (n = 390) ACTS-GC S-1 
group (n = 517)

Total number of completion 271 (69.5) 340 (65.8)
 Dose reduction or schedule modifications 148 (37.9) 158 (30.5)

Total number of discontinuations 109 (28.7) 177 (34.2)
 Adverse effect 70 (17.9) 72 (13.9)
 Recurrence 32 (8.2) 25 (4.8)
 Patients’ hope or drop out 7 (1.8) 71 (13.7)

Unknown 10 (2.6)

Table 3  First recurrence site

Some patients had a first recurrence at more than one site
ACTS-GC Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer

Site No. of patients (%)

This study (n = 390) ACTS-GC S-1 
group (n = 529)

Total number of relapses 115 (29.5) 162 (30.6)
 Peritoneum 49 (12.6) 77 (14.6)
 Hematogenous 45 (11.5) 61 (11.5)
 Lymph nodes 26 (6.7) 30 (5.7)
 Local 6 (1.5) 11 (2.1)

Unknown 1 (0.3)
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be converted to the new systems (JC-14/TNM-7), the reverse 
may not be possible because the locations of involved lymph 
nodes are not always recorded, especially in Western coun-
tries. We initially expected that the pathological stages 
determined in the ACTS-GC, which were recorded using 
the JC-13, could be easily converted to those of the JC-14/
TNM-7, by accessing the preserved database of the trial. 
However, this was not possible because, in the multi-insti-
tutional ACTS-GC, depth of invasion was recorded only as 
T2, T3, or T4, in accordance with the JC-13, in which T2 

does not distinguish between invasion of the proper muscle 
layer and the subserosa. In the JC-14/TNM-7, these findings 
correspond to T2 and T3, respectively, and are independent 
staging determinants. Thus, the stage-specific survival data 
in the ACTS-GC cannot be reclassified according to the cur-
rently available system. To do so would require re-collecting 
T2-subcategory information from the records of each trial 
patient in the 109 hospitals—clearly this is not realistic. 
Conversely, the conversion of our data describing the cur-
rent clinical results of S-1 adjuvant therapy, by using the 

Fig. 3  Kaplan–Meier esti-
mates of RFS (a) and OS (b) 
according to JC-14//TNM-7, 
RFS (c) and OS (d) accord-
ing to JC-13, and RFS (e) and 
OS (f) according to TNM-6. 
RFS recurrence-free survival, 
OS overall survival, JC-14 
Japanese Classifications 14th 
edition, TNM-7 the Union for 
International Cancer Control 
7th edition and American Joint 
Committee on Cancer 7th edi-
tion, JC-13 Japanese Classifica-
tions 13th edition, TNM-6 the 
Union for International Cancer 
Control 6th edition and Ameri-
can Joint Committee on Cancer 
6th edition
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JC-13 criteria, would enable comparisons with the results 
of the ACTS-GC but is both difficult and time-consuming. 
Therefore, the data presented in this study will best serve as 
a useful reference for future studies.

Shortly after the conclusion of the ACTS-GC, the Japa-
nese Gastric Cancer Treatment Guidelines were revised, 
such that adjuvant S-1 was newly recommended in the treat-
ment of pathological stage II or III disease [3]. This recom-
mendation was not based on the JC-13 but on the JC-14 
published around the same time. Although the definitions 
of stage II and III are quite different between these two JC 
editions as mentioned above, it was found that most patients 
diagnosed as stage II or III by the JC-14, as a whole, cor-
respond to those diagnosed as stage II or III by the JC-13. 
The only difference is the revised staging of T3N0, which is 
referred to in the JC-14 as stage IIA but in the JC-13 as stage 
IB. Thus, the guidelines’ recommendation of “adjuvant S-1 
for pathological stage II or III except for T3N0” covers most 
ACTS-GC targets. However, the substage definitions used 
in the two systems are very different, which should be taken 
into consideration when the results of adjuvant therapy are 
compared with those of the ACTS-GC.

In conclusion, survival out come of patients shown in 
this study will provide a reference for future adjuvant trials 
targeting JC-14/TNM-7 stage II or III disease. Adjuvant S-1 
monotherapy managed by medical oncologists after D2 gas-
trectomy at a high-volume cancer hospital showed favorable 
survival as compared to the pivotal trial ACTS-GC. Patient 
selection, stage migration, and the meticulous managements 
of S-1 therapy may have contributed to it.
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Table 4  Comparison of 5-year overall survival and recurrence-free survival in this study and the ACTS-GC according to the JC-13 and TNM-6

Stage RFS OS

JC-13 TNM-6 JC-13 TNM-6

This study (%) ACTS-GC 
S-1 group (%)

This study (%) ACTS-GC 
S-1 group (%)

This study (%) ACTS-GC 
S-1 group (%)

This study (%) ACTS-GC 
S-1 group 
(%)

II 85.9 79.2 86.4 77.9 86.6 84.2 87.6 83.4
IIIA 68.1 61.4 73.9 64.3 73.6 67.1 79.1 69.1
IIIB 51.6 37.6 46.3 35.9 57.0 50.2 50.0 44.8
IV 60.0 41.1 26.8 60.0 47.1 46.0
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