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 ABSTRACT
Introduction: Adjuvant chemotherapy such as S-I is thought to prolong the life expectancy of patients with gastric cancer. The 

number of older patients with gastric cancer has recently been increasing. Here we examined the prognosis of older patients with stage 
II or III gastric cancer.

Methods: The study cohort comprises 658 patients with stage II or III gastric cancer who underwent curative surgery from 1994 to 
2014 in our institution. From 1994 to 2003 was considered the early phase, whereas from 2004 to 2014 was considered the late phase. 
The patients were classifi ed by age into under 65 years (Non-Elderly [NE]); 65-74 years (Early Elderly [EE]); and over 74 years (Late 
Elderly [LE] groups. 

Results: Signifi cantly more patients in the late phase than the early phase received S-1. Signifi cantly fewer LE patients than NE or 
EE patients underwent adjuvant chemotherapy. Signifi cantly more deaths were caused by a comorbidity in patients with stage II disease 
in the LE group than in the other groups. Overall Survival (OS) of patients with stage II or III disease was signifi cantly lower in the LE group 
than in the other groups. Disease-Specifi c Survival (DSS) of patients with stage III disease was signifi cantly higher in the NE group than 
in the other groups. Both OS and DSS were signifi cantly higher in patients with stage III disease in the late phase than in the early phase. 
Both OS and DSS of patients with stage III disease were signifi cantly better in the adjuvant than the non-adjuvant group. 

Conclusion: Adjuvant chemotherapy such as S-I is thought to prolong the life expectancy of patients with gastric cancer. However, 
administration of adjuvant chemotherapy to LE patients with stage II disease must be carefully considered because of the high comorbidity-
related mortality. 
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ABBREVIATIONS
T1: Tumor Confi ned to the Sub Mucosa; ACTS-GC: Adjuvant 

Chemotherapy Trial of S-1 for Gastric Cancer; R0: No Residual 
Tumor; pStage: Pathological Stage; NE: Non-Elderly; EE: Early 
Elderly; LE: Late Elderly; OS: Overall Survival; DSS: Disease-Specifi c 
Survival

INTRODUCTION
Gastric cancer is the fi ft h most common malignancy and third 

leading cause of cancer-related death worldwide [1]. Despite 
advances in diagnosis and treatment, gastric cancer remains the third 
most frequent cause of cancer-related death in Japan [2,3]. Surgery is 
the mainstay of treatment for gastric cancer. However, many patients 
with stage II (including T1) or stage III (moderately advanced) 
disease develop recurrence, even aft er curative resection. S-1 (TS-
1; Taiho Pharmaceutical, Tokyo, Japan) is an oral fl uoropyrimidine 
preparation combining tegafur, gimeracil, and oteracil potassium 
[4]. Th e Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer 
(ACTS-GC), a prospective, randomized, phase III trial, demonstrated 
that surgery plus S-1 treatment is more eff ective than surgery alone 
in Japanese patients with stage II/III gastric cancer [2,5]. Th erefore, 
adjuvant chemotherapy such as S-I is commonly administered 
aft er curative surgery for stage II and III gastric cancer. Several 
chemotherapy regimens, including molecular targeted drugs and 
immune checkpoint inhibitors such as trastuzumab and nivolumab, 
are included in the Gastric Cancer Treatment Guidelines 2018 for 
advanced or recurrent gastric cancer on the basis of fi ndings of 
large clinical trials [6]. Th ese treatments appear to prolong the life 
expectancy of patients with gastric cancer. However, the number 
of elderly patients with gastric cancer has recently been increasing. 
Th e proportion of people aged ≥ 75 years is growing rapidly, having 
increased from 1.9% of the world’s population in 1980 to more than 
3.3% in 2015 [7]. Th is phenomenon is especially pronounced in 
Japan, which has one of the longest life expectancies in the world: 87 
years for women and 80 years for men [8]. People ≥ 75 years of age 
currently comprise 13.5% of the total population of Japan [9]; this age 
group accounts for 52.6% of men and 41.4% of women with gastric 
cancer [10]. Many studies of the feasibility and safety of surgical 

treatment for patients aged ≥ 75 years have been conducted [11-
14]. Gastrectomy seems to be tolerable if patients are appropriately 
selected; however, physical status can diff er widely among elderly 
patients [15]. An individual’s physiological reserve decreases with 
advancing age, resulting in an increased incidence of postoperative 
complications [16]. Moreover, postoperative adjuvant chemotherapy 
is oft en not administered enough to elderly patients with stage II or 
III gastric cancer. 

Th e aim of the present study was to compare the frequency of 
administration of adjuvant chemotherapies and the prognosis of 
elderly patients with stage II or III gastric cancer with those of 
younger patients. 

METHODS
Patients

Th e study cohort comprised 658 of 766 patients with gastric 
cancer who had undergone resection at Kurume University 
Hospital, Kurume, Japan. Th e eligibility criteria for this study were 
gastrectomy with R0 resection between January 1994 and December 
2014, histologically proven gastric adenocarcinoma, and pStage 
II or III according to the Japanese Classifi cation, 14th Edition [17]. 
Th e exclusion criteria were multiple gastric cancers, remnant gastric 
cancer, synchronous or metachronous cancer within 1 year aft er 
gastric surgery, and a follow-up period of less than 1 month aft er 
surgery. 

From 1994 to 2003 was considered the early phase, whereas from 
2004 to 2014 was considered the late phase. Th e patients were also 
classifi ed by age: under 65 years, non-elderly (NE); 65-74 years, Early 
Elderly (EE); and over 74 years, Late Elderly (LE). 

Statistical analysis 

Th e median follow-up time from the date of surgery was 42 
(range, 1-165) months for survivors. Th ree and 5-year survival rates 
were calculated using the Kaplan-Meier method; the log-rank test 
was used to assess the signifi cance of intergroup diff erences.

 Th e following factors were considered: age (NE, EE, or LE), phase 
(early or late), postoperative chemotherapy (adjuvant + or −), and 
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S-1 administered (S-1 + or −) to patients with stage II and stage III 
gastric cancer. 

 Values of p < 0.05 were considered to denote signifi cant 
diff erences. Th e statistical analysis was performed using JMP 13 
soft ware (SAS Institute Inc., Cary, NC, USA) 

RESULTS
Overall, 423 patients were men and 235 women; the median 

age was 68 (range, 27-92) years. Th ere were 269 patients with 
stage II gastric cancer and 389 with stage III cancer. Surgery was 
performed on 318 patients (stage II, n = 118; stage III, n = 200) in 
the early phase and 340 (stage II, n = 151; stage III, n = 189) in the 
late phase. Th ere were 255, 226, and 177 patients in the NE, EE, and 
LE groups, respectively. Adjuvant therapy was administered to 336 
patients, no adjuvant therapy was given to 103 patients, and whether 
adjuvant therapy was administered was unknown in 219 patients. 
Of the patients who received adjuvant therapy, 213 received S-1 and 
123 received anti-cancer drugs other than S-1 aft er surgery. During 
follow-up, 313 patients died and 345 were alive at the end-point of the 
study. Of the 313 patients who had died, 251 had died of the original 
cancer, 51 of comorbidities, and 11 of unknown causes. 

Patient age and postoperative chemotherapy status are 
summarized in (Table 1). Signifi cantly more patients with both stage 
II and stage III disease received S-1- aft er surgery in the late phase 
than in the early phase. Th ere were no signifi cant diff erences in the 
number of patients with stage II or III disease who received adjuvant 
therapy or in age distribution between the early and late phases. 

Adjuvant treatment by age group is summarized in (Table 2). 
Th ere were signifi cantly more patients with stage II and III disease in 
the NE group than in the EE and LE groups (stage II: NE vs EE, p = 
0.0024; NE vs LE, p < 0.0001; EE vs LE, p = 0.0009; stage III: NE vs EE, 
p < 0.0001; NE vs LE, p < 0.0001; EE vs LE, p < 0.0001).

Deaths by age group are summarized in (Table 3). Signifi cantly 
more patients with stage II disease died of comorbidities in the LE 
group than in the NE or EE groups (NE vs EE, p = 0.0994; NE vs LE, 
p = 0.0001; EE vs LE, p = 0.0306). However, among stage III patients 

there were no signifi cant diff erences in the number of deaths in each 
age group caused by comorbidities (NE vs EE, p = 0.8695; NE vs LE, p 
= 0.0508; EE vs LE, p = 0.0697). 

Overall survival (OS) is summarized in (Table 4). Th e 5-year 
survival rates of patients with stage II disease in the NE, EE, and 
LE groups were 80.4%, 74.5%, and 56.7%, respectively. Th e OS of 
patients with stage II disease was signifi cantly lower in the LE group 
than in the NE or EE groups (NE vs EE, p = 0.3370; NE vs LE, p = 
0.0002; EE vs LE, p = 0.0077) (Figure 1). Th e 5-year survival rates 
of patients with stage III disease in the NE, EE, and LE groups were 
53.5%, 39.7%, and 20.8%, respectively. Th e OS of patients with stage 
III disease was signifi cantly lower in the LE group than in the NE or 
EE groups, whereas the OS of the EE group was signifi cantly lower 
than that of the NE group (NE vs EE, p = 0.0230; NE vs LE, p < 0.0001; 
EE vs LE, p = 0.0090) (Figure 2). Th e 5-year survival rate of patients 
with stage II disease was 72.9% in the early phase and 73.0% in the late 
phase; this diff erence is not signifi cant (Figure 3). Th e 5-year survival 
rate of patients with stage III disease was 31.9% in the early phase 
and 51.8% in the late phase. Th e OS of patients with stage III disease 
was signifi cantly higher in the late phase than in the early phase (p < 
0.0001) (Figure 4); in both NE and EE groups, the OS was signifi cantly 
higher in the late phase than in the early phase (p = 0.0082 and p = 
0.0035, respectively). Th e 5-year survival rate of patients with stage II 
disease was 61.3% for those who had not received adjuvant therapy 
and 74.3% for those who had; this diff erence is not signifi cant. 
However, in the late phase, OS was signifi cantly higher in patients 
with stage II disease who had received adjuvant therapy than those 
who had not (p = 0.0117). Th e 5-year survival rate of patients with 
stage III disease was 26.5% for those who had not received adjuvant 
therapy and 49.2% for those who had; this diff erence is statistically, 
signifi cant (p = 0.0007). In the late phase, OS was signifi cantly higher 
in patients with stage III disease who had received adjuvant therapy 
than in those who had not (p = 0.0003). However, in the early phase 
there was no signifi cant diff erence in OS between patients with stage 
III disease who had and had not received adjuvant therapy. 

Disease-Specifi c Survival (DSS) is summarized in (Table 5). Th e 
5-year survival rates of patients with stage II disease in the NE, EE, 

Table 1: Age group and postoperative chemotherapy by gastric cancer stage.
Stage II Stage III

Early 
phase

Late 
phase

p - 
value

Early 
phase

Late 
phase p - value

Age (years) 0.3414 0.1516

≤ 64 55 (48.2%)
57 

(37.7%)
78 

(39.0%)
65 

(34.4%)

65-74 34 (29.8%)
50 

(33.1%)
77 

(38.5%)
65 

(34.4%)

≥ 75 29 (21.9%)
44 

(29.1%)
45 

(22.5%)
59 

(31.2%)
Adjuvant 
therapy

0.2964 0.9521

− 17 (28.8%)
39 

(36.8%)
18 

(17.0%)
29 

(17.3%)

+ 42 (71.2%)
67 

(63.2%)
88 

(83.0%)
139 

(82.7%)

S-1
< 

0.0001
< 0.0001

_ 35 (83.3%) 9 (14.7%)
66 

(75.0%)
13 (8.7%)

+ 7 (16.7%)
58 

(85.3%)
22 

(25.0%)
126 

(91.3%)

Table 2: Postoperative chemotherapy by age group and gastric cancer stage.
Stage II Stage III

Adjuvant 
(−)

Adjuvant 
(+)

p
Adjuvant 

(−)
Adjuvant 

(+)
p

≤ 64 
years

9 (12.2%) 65 (87.8%)

< 0.0001

4 (3.6%)
106 

(96.4%)
< 

0.0001
65-74 
years

17 (35.4%) 31 (64.6%) 10 (10.6%) 84 (89.4%)

≥ 75 
years

30 (69.8%) 13 (30.2%) 33 (47.1%) 37 (52.9%)

Total 56 (33.9%)
109 

(66.1%)
47 (17.2%)

227 
(82.8%)

Table 3: Death by age group and cause.
Stage II Stage III

Death 
caused 

by original 
cancer

Death 
caused by 
comorbidity

p

Death 
caused 

by original 
cancer

Death 
caused by 
comorbidity

p

≤ 64 years 23 (85.2%) 4 (14.8%)
0.0005

69 (94.5%) 4 (5.5%)
0.075765-74 years 15 (65.2%) 8 (34.8%) 77 (93.9%) 5 (6.1%)

≥ 75 years 11 (35.5%) 20 (64.5%) 56 (84.8%) 10 (15.2%)
Total 49 (60.5%) 32 (39.5%) 202 (91.4%) 19 (8.6%)
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and LE groups were 82.6%, 83.5%, and 81.9%, respectively; these 
diff erence are not signifi cant (Figure 5). Th e 5-year survival rates 
of patients with stage III disease in the NE, EE, and LE groups were 
55.6%, 42.7%, and 27.0%, respectively. Among patients with stage 
III disease, DSS was signifi cantly longer in the NE than in the EE or 
LE groups (NE vs EE, p = 0.0367; NE vs LE, p = 0.0004; EE vs LE, p 
= 0.1437) (Figure 6). Th e 5-year survival rate of patients with stage 
II disease was 81.2% in the early phase and 84.4% in the late phase; 
these diff erence are not signifi cant (Figure 7). Th e 5-year survival 
rate of patients with stage III disease was 35.9% in the early phase 
and 56.0% in the late phase, the latter being signifi cantly higher (p < 
0.0001) (Figure 8). Moreover, in each age group, the DSS of patients 

with stage III disease was signifi cantly longer in the late phase than 
in the early phase (NE, p = 0.0115; EE, p = 0.0052; LE, p = 0.039). 
Th e 5-year survival rate of patients with stage II disease was 85.4% 
in those who had not received adjuvant therapy and 77.8% in those 
who had. Th ere were no signifi cant diff erences in DSS of patients with 
stage II disease between those who had and had not received adjuvant 
therapy or in those in the early versus late phase. Th e 5-year survival 
rate of patients with stage III disease was 35.2% in those who had 
not received adjuvant therapy and 51.5% in those who had. DSS was 
signifi cantly longer in patients who had received adjuvant therapy 
than in those who had not in all patients with stage III disease (p = 
0.0283). 

Table 4: Overall survival.

Stage II Stage III

n 3-y 5-y χ2 value p value n 3-y 5-y χ2 value p value

≤ 64 years 112 87.50% 80.40% 14.892 0.0006 143 66.30% 53.50% 23.0104 < 0.0001

65-74 years 84 82.40% 74.50% 142 51.80% 39.70%

≥ 75 years 73 69.70% 56.70% 104 35.70% 20.80%

Early phase 118 82.30% 72.90% 0.0045 0.9463 200 47.10% 31.90% 16.1378 < 0.0001

Late phase 151 81.10% 73.00% 189 63.10% 51.80%

≤ 64 years 0.3165 0.5737 6.9988 0.0082

Early phase 55 87.80% 79.50% 78 59.00% 44.90%

Late phase 57 87.80% 82.10% 65 75.50% 65.00%

65-74 years 0.0142 0.9053 8.5421 0.0035

Early phase 34 81.20% 73.90% 77 43.70% 28.60%

Late phase 50 83.20% 74.70% 65 64.10% 54.60%

≥ 75 years 0.0498 0.8235 3.6099 0.0574

Early phase 29 71.70% 54.30% 45 25.70% 11.80%

Late phase 44 69.10% 58.00% 59 44.00% 29.70%

Adjuvant 3.0208 0.0822 11.4028 0.0007

− 56 71.30% 61.30% 47 38.30% 26.50%

+ 109 84.30% 74.30% 227 62.30% 49.20%

Early phase 0.364 0.5463 0.9026 0.3421

Adjuvant − 17 88.50% 79.50% 18 41.90% 25.10%

Adjuvant + 42 84.60% 71.80% 88 52.70% 38.40%

Late phase 6.3533 0.0117 12.8317 0.0003

Adjuvant − 39 65.30% 54.90% 29 38.10% 28.00%

Adjuvant + 67 85.00% 77.40% 139 68.90% 57.20%

Figure 1: Stage II: Age under 65 vs over 74 years, p < 0.0001; age 65 to 74 
vs over 74 years, p = 0.0035; age under 65 vs 65 to 74 years, p = 0.3770.

Figure 2: Stage III: Age under 65 vs over 74 years, p < 0.0001; age 65 to 74 
vs over 75 years, p = 0.0090; age under 65 vs 65 to 74 years, p = 0.0230.
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DISCUSSION
In this study, adjuvant chemotherapy such as S-1 appeared to 

prolong the life expectancy of patients with stage II and III gastric 
cancer. However, the lives of patients in the LE group were not 
prolonged because of the low frequency with which they received 
adjuvant chemotherapy and their high comorbidity-related mortality. 

Adjuvant chemotherapy is delivered with the intention of 
reducing the incidence of recurrence by controlling residual tumor 
cells following curative resection. Various regimens had been tested 
in numerous clinical trials in Japan without producing solid evidence 
in support of adjuvant chemotherapy until the ACTS-GC trial in 
2006 showed that S-1 is eff ective [2,5]. 

Th e Japanese ACTS-GC trial demonstrated the effi  cacy of 
S-1 in patients with stage II and III gastric cancer aft er curative 

resection including D2 lymphadenectomy; S-1 improved the 3-year 
OS from 70.1% for surgery alone to 80.1% [2]. Th e S-1 group had 
a 5-year OS of 71.1%, compared with 61.1% in the surgery-alone 
group, corresponding to a 33% reduced risk of death. However, 
approximately 35% of patients still develop recurrence despite 
adjuvant S-1; subgroup analyses have suggested that S-1 is less 
effi  cacious for stage IIIB gastric cancer, in contrast to clear survival 
benefi t demonstrated for stage II and stage IIIA disease to ACTS-GC 
[5]. Several chemotherapeutic agents, including cisplatin (CDDP) 
[18], irinotecan [19], taxanes (paclitaxel and docetaxel) [20,21], 
and oxaliplatin [22,] in combination with S-1 have demonstrated 
benefi cial activity against gastric cancer and off er hope for improving 
patient outcomes. Several chemotherapy regimens, such as S-1 plus 
CDDP in the SPIRITS trial [23], have shown a remarkably high 
response rate. Accordingly, the Japanese Gastric Cancer Association 
Guideline recommends S-1 adjuvant chemotherapy for patients with 
stage II-III gastric cancer [6]. We now administer adjuvant S-1 aft er 
curative surgery for stages IIA, IIB, IIIA, IIIB, and IIIC gastric cancer 
according to the Japanese Classifi cation, 14th Edition [17]. In this 
study, signifi cantly more patients received S-1 aft er curative surgery 
for stage II and III cancer in the late phase than in the early phase, 
the results of the ACTS-GC trial having been released at the end of 
the early phase [2]. Although there was no signifi cant diff erence in 
the proportion of patients receiving some form of adjuvant therapy 
between the early and late phases, both OS and DSS of patients with 
stage III disease were signifi cantly better in the late phase than in the 
early phase. Patients with stage II and III disease who had received 
adjuvant therapy had a signifi cantly higher OS than did those who 
had not in the late phase; however, their OS did not diff er signifi cantly 
from that of those in the early phase. In the late phase, patients with 
stage III disease who had received adjuvant therapy tended to have 
a better DSS than did those who had not. We consider that these 
diff erences in survival in the late phase between patients who had and 
had not received adjuvant therapy are attributable to the use of S-1 as 
adjuvant therapy in the late, but not the early, phase. 

Th ere was no signifi cant diff erence in DSS by age distribution in 
patients with stage II disease; however, the number of comorbidity-
related deaths was signifi cantly higher in the LE than in the NE or EE 
groups. Th is resulted in LE group patients with stage II disease having 
a signifi cantly lower OS than those in NE or EE group. LE group 
patients with stage III disease had signifi cantly lower OS and DSS 
than did those in the NE or EE group, this result being considered 
attributable to the low frequency of administration of adjuvant 
therapy to the LE group. Among patients with stage III disease, 
OS and DSS were higher in the late phase than in the early phase. 
However, the OS of LE group patients with stage III disease did not 
diff er signifi cantly between the early and late phases. 

Adjuvant chemotherapy aft er surgery should be given cautiously 
to LE patients with stage II disease because of their high frequency 
of comorbidity-related death. Hikage, et al. compared the feasibility, 
safety, and surgical outcomes of gastrectomy in patients with gastric 
cancer aged ≥ 85 years versus those of patients aged 75-84 years [24]. 
Th ey concluded that chronological age alone is not a valid reason to 
avoid gastrectomy; rather, comprehensive assessment is necessary to 
determine the optimum treatment strategy for older patients with 
gastric cancer. Th erefore, we consider it appropriate to administer 
adjuvant chemotherapy to LE patients with stage III gastric cancer 
who have undergone curative surgery, have no serious comorbidities, 
and have a good performance status. However, given that the 

Figure 3: Stage II: There is no signifi cant diff erence in overall survival 
between the early and late phases (p = 0.9463).

Figure 4: Stage III: Overall survival is signifi cantly higher in the late phase 
than in the early phase (p < 0.0001).

Figure 5: Stage II: age under 65 vs over 74 years, p = 0.8404; age 65 to 74 
vs over 74 years, p = 0.6836; age under 65 vs 65 to 74 years, p = 0.7966.
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Table 5: Disease-specifi c survival rate.

Stage II Stage III

n 3-y 5-y χ2 value p value n 3-y 5-y χ2 value p value

≤ 64 years 112 88.40% 82.60% 0.0741 0.9637 142 67.90% 55.60% 11.9693 0.0025

65-74 years 82 88.70% 83.50% 139 55.70% 42.70%

≥ 75 y 73 87.80% 81.90% 99 43.30% 27.00%

Early phase 117 87.90% 81.20% 0.8443 0.3582 195 50.70% 35.90% 16.8144 < 0.0001

Late phase 150 89.10% 84.40% 185 67.10% 56.00%

≤ 64 years 0.1481 0.7003 6.3915 0.0115

Early phase 55 88.80% 82.20% 77 60.80% 47.60%

Late phase 57 88.50% 83.50% 65 76.80% 66.20%

65-74 years 0.1003 0.7515 7.8173 0.0052

Early phase 33 87.40% 82.30% 75 46.70% 32.10%

Late phase 49 89.60% 84.30% 64 66.50% 56.50%

≥ 75 years 1.3074 0.2529 4.4998 0.0339

Early phase 29 86.60% 75.00% 43 31.00% 14.70%

Late phase 44 89.80% 86.20% 56 53.10% 38.60%

Adjuvant 1.5137 0.2186 4.8071 0.0283

− 56 89.40% 85.70% 44 48.30% 35.20%

Figure 6: Stage III: age under 65 vs over 74 years, p = 0.0004; age 65 to 
74 vs over 74 years, p = 0.1437; age under 65 vs 65 to 74 years, p = 0.0367

Figure 7: Stage II: There is no signifi cant diff erence in disease-specifi c 
survival between the early and late phases (p = 0.3582).

Figure 8: Stage III: Disease-specifi c survival is signifi cantly higher in the late 
phase than in the early phase (p < 0.0001).

upper age limit was 80 years in the ACTS-GC trial [2], adjuvant 
chemotherapy should be administered with great care. 
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