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Abstract 

Background: Stage III gastric cancer is characterized by locally advanced disease with varying anatomic 
extent as measured by the 7th edition of the American Joint Committee on Cancer (AJCC) staging system. 
There are no prognostic factors specifically identified in patients with stage III gastric cancer following 
extended lymph node dissection (D2) surgery.  
Materials and Methods: From 2007 to 2014, 534 patients with stage III gastric cancer underwent 
radical gastrectomy and D2 dissection at the Chang Gung Memorial Hospital. Patients’ characteristics and 
the impact of adjuvant chemotherapy were analyzed using univariate and multivariate analyses to identify 
variables associated with overall survival (OS) and disease-free survival (DFS). 
Results: There were 320 deaths (60.0%) and 284 recurrences (53.2%) by the end of the study. The 
median OS and DFS were 30.7 months (95% confidence interval [CI]: 27.5–33.9) and 26.4 months (95% 
CI: 21.2–31.6), respectively. The multivariate analysis identified 7 variables that were independent 
prognostic factors both for OS and DFS including ratio of metastatic lymph nodes to total resection 
lymph nodes, carcinoembryonic antigen level, Eastern Cooperative Oncology Group performance status, 
gastrectomy method, vascular invasion, surgical margin, and adjuvant chemotherapy. Patients with stage 
IIIA–IIIC disease who received adjuvant chemotherapy had better OS and DFS outcomes than those who 
did not.  
Conclusions: Our study identified several independent prognostic factors that might help determine the 
appropriate counseling patients following surgical treatment. D2 surgery alone was inadequate to achieve 
long-term survival. As the only correctable independent prognostic factor, postoperative adjuvant 
chemotherapy should be recommended for eligible patients with stage III gastric cancer. 
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Introduction 
Gastric cancer is the fourth most diagnosed 

cancer and the third leading cause of cancer death 
worldwide.1,2 Radical surgery remains the gold 
standard of curative treatment for patients with 
resectable gastric cancer,3 and together with extended 
lymph node dissection (D2), radical surgery is the 
standard surgical modality for locally advanced 
gastric cancer in Asian countries.4 However, 
approximately 25%–40% of patients experience tumor 

recurrence within 5 years after surgery, and the 
survival outcome worsens with stage advancement.5–8 
Because the poor outcome with surgery alone, a 
multidisciplinary treatment includes perioperative 
chemotherapy and radiation therapy that are 
commonly implemented in patients with locally 
advanced diseases.9, 10 

The American Joint Committee on Cancer 
(AJCC) staging system is based on the anatomic extent 
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of the cancer and is widely used for predicting 
survival outcome in various types of cancer.11 
According to this system, stage III gastric cancer is 
characterized by locally advanced disease with 
varying anatomic extent ranging from tumor invasion 
into the muscularis propria (T2-classification) to 
adjacent structures (T4-classification) and from no 
lymph node metastasis (N0-classification) to 7 or 
more regional lymph node metastases 
(N3-classification).11 Stage III gastric cancer is 
classified into stage IIIA, IIIB, and IIIC disease. 
Beyond the anatomic extent, other important 
clinicopathological factors associated with survival 
outcome after gastric cancer surgery include 
histological grade12, surgical margin13, 14 and lymph 
node ratio12, 15–19; however, these are not included in 
the AJCC staging system. Furthermore, the value of 
adjuvant chemotherapy for gastric cancer has been 
proven by two phase III studies that demonstrated a 
survival benefit in patients who received adjuvant 
therapy compared with those that did not.20, 21 
However, debate surrounding the value of adjuvant 
chemotherapy in stage III gastric cancer continues due 
to the marginal statistical survival difference in 
subgroup analysis of patients with stage III disease in 
these two studies. Additionally, very few patients 
with extreme locally advanced disease (metastases in 
15 or more regional lymph nodes) were included, 20 or 
were completely excluded.21 As a result, the benefit of 
adjuvant therapy in patients with stage III gastric 
cancer in routine clinical practice remains to be 
investigated.  

Because of sub-optimal survival outcomes and 
lack of standard treatment consensus in stage III 
gastric cancer, the identification of patients in 
high-risk groups for tumor recurrence might help to 
determine the appropriate counseling for patients 
following surgical treatment. To the best of our 
knowledge, there are no well documented prognostic 
factors specifically identified in patients with stage III 
gastric cancer following D2 radical surgery. This 
study aimed to evaluate the clinical variables relevant 
to overall survival (OS) and disease-free survival 
(DFS) in patients with stage III gastric cancer 
following D2 lymph node dissection.  

Material and Methods 
Patients and Treatment  

In total, 534 consecutive patients with stage III 
gastric cancer underwent radical gastrectomy and D2 
lymph node dissections between 2007 and 2014 at the 
Chang Gung Memorial Hospital (Linkou Branch) and 
were enrolled in this study. The diagnosis for stage III 
disease was defined according to the 7th edition AJCC 

staging system by pathologic examination. Patients 
who had recurrent tumors, metastatic tumors, 
macroscopic residual tumors, or previously received 
chemotherapy or radiotherapy were excluded. The 
decision on a total or subtotal gastrectomy was made 
by the surgeon based on tumor location, histology 
and resection margin. All patients were advised to 
receive adjuvant chemotherapy within 6 weeks after 
radical surgery. However, the final decision on 
whether or not to receive such therapy was made by 
the patient. The regimen of adjuvant chemotherapy 
was fluorouracil-based, including intravenous 
5-fluorouracil (5FU), 22 titanium silicate (TS)-1, 20 
uracil-tegafur (UFT), 23 or oxaliplatin plus 
capecitabine (XELOX), 21 and was determined by the 
physicians. 5-fluorouracil or XELOX was 
administered for 6 months, while UFT or TS-1 was 
administered for up to 1 year. Patients were 
categorized into adjuvant chemotherapy or 
non-adjuvant chemotherapy groups based on 
whether they received adjuvant chemotherapy for ≥2 
weeks or observational treatment following radical 
surgery. Patient characteristics were analyzed to 
identify the variables associated with survival 
outcome. The study was approved by the institutional 
review board, in compliance with the Helsinki 
Declaration (1996). 

Data Collection and follow up 
The administrative and clinical data included 

preoperative clinical features such as age; sex; Eastern 
Cooperative Oncology Group performance (ECOG) 
status; American Society of Anesthesiologists (ASA) 
score; history of previous cancer; preexisting 
comorbidities; stump cancer; family history of gastric 
cancer; body mass index (BMI); carcinoembryonic 
antigen (CEA) level, Cancer Antigen 19-9 (CA19-9) 
level; pathological results including Helicobacter 
pylori infection; microscopic surgical margin; 
perineural invasion; lymphatic invasion; vascular 
invasion; Lauren classification; total numbers of 
lymph node retrieval; ratio of metastatic lymph nodes 
to total retrieved lymph nodes (LNR); tumor (T) and 
nodal (N) classification of the 7th edition AJCC staging 
system. Data were recorded by the primary care 
clinicians using an electronic patient record form at 
the time of cancer diagnosis, upon cancer surgery and 
after final pathologic examination, if available. 
Comorbidities were recorded using the modified 
Charlson Comorbidity Index (CCI)24, excluding 
patient age and diagnosis of cancer. The OS and DFS 
were calculated from the time of surgery to the time of 
death and tumor recurrence, respectively. The dates 
of surgery, tumor recurrence, and death of each 
patient were obtained from the institutional cancer 
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center registry or the National Register of Death 
Database in Taiwan. All the included patients were 
followed until the date of death or June 30, 2016. 

Statistical analysis 
Basic demographic data were summarized as n 

(%) for categorical variables and means with 95% 
confidence interval (CI) for continuous variables. 
Distribution of clinical variables was tabulated as n 
(%) and compared between groups using the Pearson 
chi-square test. Possible clinical and pathologic 
variables for survival outcome after gastric cancer 
diagnosis were examined by univariate and 
multivariate logistic regressions. Variables with P 
values < 0.10 in univariate analysis were included for 

analysis in the multivariate model. To prevent the 
interaction of N-classification and LNR during 
multivariate analysis, the LNR rather than the 
N-classification was included based on a higher 
hazard ratio (HR) associated with the LNR compared 
to that associated with the N-classification, as 
identified by univariate analysis of OS and DFS. 
Survival time was analyzed using the Kaplan-Meier 
method. Log-rank tests were used to determine 
significant differences between the survival curves. 
All statistical analyses were performed using SPSS 
17.0 software (SPSS Inc., Chicago, IL, USA) and a P 
value < 0.05 was considered statistically significant.  

 

Results 
Table 1 presents the baseline 

patient demographic data. In total, 
365 (68.4%) and 169 (31.6%) 
patients were categorized into the 
adjuvant and non-adjuvant 
chemotherapy groups, 
respectively. Patients in the 
non-adjuvant chemotherapy 
group were generally older, with 
higher CCIs, poorer ECOG status, 
higher ASA class, a higher 
percentage of admission from the 
emergency department, and a 
higher percentage of vascular 
invasion compared with patients 
in the adjuvant chemotherapy 
group. No statistical differences in 
gender, T- and N-classification, 
LNR, Lauren classification, 
elevated CEA or CA19-9 level, 
gastrostomy method, and surgical 
margin were observed between 
the two patient groups.  

There were 320 deaths 
(60.0%) and 284 recurrences 
(53.2%) at the end of the study. 
The median OS was 30.7 months 
(95% CI: 27.5–33.9) in the overall 
patient cohort. The median OS in 
the adjuvant and non-adjuvant 
chemotherapy groups was 35.5 
months (95% CI: 30.9–40.2) and 
18.8 months (95% CI: 12.1–25.4), 
respectively. The HR for median 
OS was 0.50 (95% CI: 0.40–0.63; P < 
0.001), favoring the adjuvant 
group (Figure 1A). For subgroup 
analysis based on AJCC staging, 
the median OS in stage IIIA, IIIB, 

 
Figure 1. Kaplan-Meier overall survival curves (1A) and disease-free survival curves (1B) for all patients, 
patients in the adjuvant chemotherapy group and patients in the non-adjuvant chemotherapy group. 
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and IIIC was 66.0 months, 45.2 months, and 25.3 
months, respectively among patients in the adjuvant 
chemotherapy group. For the non-adjuvant 
chemotherapy group, median OS was 37.4 months, 
29.1 months, and 10.5 months for stage IIIA, IIIB, and 
IIIC, respectively. The 5-year OS rates of patients with 
stage IIIA, IIIB, and IIIC disease were 52.9%, 40.0%, 
and 21.0% in the adjuvant chemotherapy group; and 

were 30.8%, 24.3%, and 5.7% in the non-adjuvant 
chemotherapy group, respectively. The HR for the 
comparison of adjuvant and non-adjuvant groups in 
the stage IIIA, IIIB, and IIIC subgroups was 0.51 (95% 
CI: 0.30–0.89, P = 0.016; Figure 2A), 0.57 (95% CI: 
0.38–0.87, P = 0.009; Figure 2B), and 0.43 (95% CI: 
0.31–0.59, P < 0.001; Figure 2C), respectively, all 
favoring the adjuvant chemotherapy group.  

 

Table 1. Patients’ basic demographic data 

Variable Category Overall, n = 534 (%) Adjuvant chemotherapy arm, n 
= 365 (%) 

No adjuvant chemotherapy arm, n 
= 169 (%) 

P value 

Gender Male 344 (64.4) 241 (66.0) 103 (60.9) 0.25 
Age, year ≤ 70 292(54.7) 240 (65.8) 52 (30.8) < 0.001 
  > 70 242 (45.3) 125 (34.2) 117 (69.2)   
BMI, kg/m2 < 18.5 65 (12.2) 42 (11.5) 23 (13.6) 0.78 
  18.5-25 348 (65.2) 239 (65.5) 109 (64.5)   
  > 25 121 (22.7) 84 (23.0) 37 (21.9)   
Stump cancer yes 28 (5.2) 20 (5.5) 8 (4.7) 0.72 
Family history of gastric 
cancer 

yes 25 (4.7) 20 (5.5) 5 (3.0) 0.20 

CCI 0 247 (46.3) 191 (52.3) 56 (33.1) < 0.001 
  1 174 (32.6) 117 (32.1) 57 (33.7)   
  > 1 112 (21.0) 57 (15.6) 55 (32.5)   
Admission mode OPD 400 (74.9) 290 (79.5) 110 (65.1) < 0.001 
  ER 134 (25.1) 75 (20.5) 59 (34.9)   
7th AJCC Stage group 
  

3A 129 (24.2) 94 (25.8) 35 (20.7) 0.45 
3B 180 (33.7) 121 (33.2) 59 (34.9)   

  3C 225 (42.1) 150 (41.1) 75 (44.4)   
T-classification T2 18 (3.4) 11 (3.0) 7 (4.1) 0.60 
  T3 171 (32.0) 123 (33.7) 48 (28.4)  
  T4 345 (64.6) 231 (63.3) 114 (67.5)  
N-classification 0 8 (1.5) 5 (1.4) 3 (1.8) 0.39 
  1 54 (10.1) 39 (10.7) 15 (8.9)   
  2 144 (27.0) 100 (27.4) 44 (26.0)   
  3A 189 (35.4) 135 (37.0) 54 (32.0)   
  3B 139 (26.0) 86 (23.6) 53 (31.4)   
LNR <0.10 119 (22.3) 88 (24.1) 31 (18.3) 0.28 
  0.10~0.40 255 (47.8) 173 (47.4) 82 (48.5)   
  >0.40 160 (30.0) 104 (28.5) 56 (33.1)   
Lauren classification Intestinal, mixed, or 

unclassified 
377 (70.6) 262 (71.8) 115 (68.0) 0.63 

  diffuse type 153 (29.4) 99 (28.2) 54 (32.0)   
CEA, ng/dL > 5  89 (16.7) 58 (15.9) 31 (18.3) 0.48 
CA19-9, ng/dL > 37 87 (16.3) 54 (14.8) 33 (19.5) 0.17 
ECOG status 
  

0−1 388 (72.7) 294 (80.5) 94 (55.6) < 0.001 
2−4 146 (27.3) 71 (19.5) 75 (44.4)   

ASA class 2 253 (47.4) 204 (55.9) 49 (29.0) < 0.001 
  > 2 281 (52.6) 161 (44.1) 120 (71.0)   
Gastrostomy method total 200 (37.5) 133 (36.4) 67 (39.6) 0.48 

partial 334 (62.5) 232 (63.6) 102 (60.4)   
Perineural invasion yes 377 (70.6) 254 (69.6) 123 (72.8) 0.45 
Vascular invasion yes 157 (29.4) 97 (26.6) 60 (35.5) 0.035 
Lymphatic invasion yes 445 (83.3) 297 (81.4) 148 (87.6) 0.074 
H. pylori infection yes 96 (18.0) 69 (18.9) 27 (16.0) 0.41 
Surgical margin positive 72 (13.5) 43 (11.8) 29 (17.2) 0.091 
AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiologists; BMI, body mass index; CA19-9, Cancer antigen 19-9; CCI, Charlson comorbidity 
index; CEA, carcinoembryonic antigen; ECOG, Eastern Cooperative Oncology Group; ER, emergency room; LNR, ratio of metastatic lymph nodes to total resection lymph 
nodes; OPD, outpatient department.  
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Figure 2. Overall survival curves for patients in the adjuvant chemotherapy group (green line) and patients in the non-adjuvant chemotherapy group (blue line) 
according to 7th American Joint Committee on Cancer (AJCC) stage IIIA (2A), IIIB (2B), and IIIC (2C). 

 
The overall median DFS was 26.4 months (95% 

CI: 21.2–31.6) across the patient cohort. The median 
DFS in the adjuvant and non-adjuvant chemotherapy 
groups was 33.5 months (95% CI: 23.7–43.2) and 17.6 
months (95% CI: 11.4–23.7), respectively. The HR for 
median DFS was 0.59 (95% CI: 0.47–0.76; P < 0.001), 
favoring the adjuvant group (Figure 1B). The median 
DFS in stage IIIA, IIIB, and IIIC was not reached, 51.3 
months, and 16.1 months among patients in the 
adjuvant chemotherapy group, respectively, and was 
38.7 months, 28.3 months, and 7.4 months among 
patients in the non-adjuvant chemotherapy group, 
respectively. The HR for the comparison of adjuvant 
and non-adjuvant cohorts in the stage IIIA, IIIB, and 
IIIC subgroups was 0.65 (95% CI: 0.35–1.21, P = 0.18; 
Figure 3A), 0.68 (95% CI: 0.44–1.08, P = 0.10; Figure 

3B), and 0.51 (95% CI: 0.37–0.71, P < 0.001; Figure 3C), 
respectively, all favoring the adjuvant chemotherapy 
group. The decreasing HR value from IIIA toward 
IIIC disease indicated that patients with stage IIIC 
disease derived more survival benefit for both OS and 
DFS from adjuvant chemotherapy than patients with 
stage IIIA or IIIB disease.  

Univariate analysis of the clinical variables for 
predicting OS and DFS of all patients is detailed in 
Table 2. The OS was significantly better in female 
patients, patients aged ≤ 70 years, non-stump cancer, 
CCI = 0, patients admitted from the outpatient 
department, T2-classification N0- or N1-classification, 
LNR ≦0.10%, CEA ≤ 5 ng/mL, CA19-9 ≤ 37 ng/mL, 
ECOG status 0–1, ASA class 2, subtotal gastrectomy, 
absence of perineural invasion, absence of vascular 
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invasion, absence of lymphatic invasion, negative 
surgical margin, and in patients who received 
adjuvant chemotherapy. Similarly, univariate analysis 
identified gender, age, BMI, stump cancer, CCI, 
admission mode, T-classification, N-classification, 

LNR, CEA level, CA19-9 level, ECOG status, 
gastrectomy method, perineural invasion, vascular 
invasion, lymphatic invasion, surgical margin, and 
adjuvant chemotherapy to be predictive variables of 
DFS. 

 

Table 2. Univariate analysis for overall survival (OS) and disease-free survival (DFS) 

Variable  Category no (%) OS  DFS 
median survival time, 
months (95% CI) 

P value  median survival time, 
months (95% CI) 

P value 

Gender male 344 (64.4) 29.1 (25.3−32.8) 0.027  22.8 (18.2−27.3) 0.037 
  female 190 (35.6) 33.9 (27.1−40.7)    32.4 (9.3−55.6)   
Age ≤ 70 292 (54.7) 33.0 (28.6−37.4) 0.022  25.5 (18.4−32.6) 0.65 
  > 70 242 (45.3) 26.1 (20.4−31.9)    27.8 (19.7−35.9)   
BMI < 18.5 65 (12.2) 28.1 (18.0−38.2) 0.052  20.2 (10.2−30.1) 0.028 
  18.5−25 348 (65.2) 29.1 (25.7−32.5)    22.9 (18.0−27.9)   
  > 25 121 (22.7) 42.3 (31.7−52.9)    51.3 (n/a)   
Stump cancer no 506 (94.8) 32.0 (28.5−35.4) 0.003  27.4 (21.8−33.1) 0.013 

yes 28 (5.2) 22.1 (15.8−28.4)    13.0 (8.8−17.2)   
Family history of gastric cancer no 509 (95.3) 29.7 (26.4−33.0) 0.37  25.6 (20.3−31.3) 0.57 

yes 25 (4.7) 80.4 (8.8−151.9)   51.2 (0−109.4)  
CCI no 247 (46.3) 38.3 (29.5−47.2) < 0.001  33.9 (16−5-51.2) 0.003 
  yes 287 (53.7) 24.3 (21.8−26.9)    20.5 (13.9−26.9)   
Admission mode 
  

OPD 400 (74.9) 33.9 (28.5−39.3) < 0.001  31.5 (23.4−39.7) 0.003 
ER 134 (25.1) 25.5 (20.1−30.9)    16.7 (11.8−321.6)   

T-classification 2 18 (3.4) 61.9 (27.1−96.6) < 0.001  33.5 (n/a) < 0.001 
3 171 (32.0) 42.3 (33.4−51.1)    n/a    
4 345 (64.6) 24.9 (21.1−28.8)    18.9 (15.6−22.4)   

N-classification 0-1 62 (11.6) 48.6 (36.3−60.8) < 0.001  62.9 (n/a) < 0.001 
2 144 (27.0) 42.9 (25.9−59.8)    n/a    
3A 189 (35.4) 29.4 (24.9−33.8)    23.1 (17.9−28.3)   
3B 139 (26.0) 17.9 (11.8−24.0)    10.9 (7.2−14.7)   

LNR < 0.10 119 (22.3) 66.0 (n/a) < 0.001  n/a  < 0.001 
  0.10−0.40 255 (47.8) 32.2 (27.9−36.6)    28.3 (21.7−35.0)   
  > 0.40 160 (30.0) 18.7 (13.8−23.7)    18.7 (13.8−23.7)   
Lauren classification Intestinal type, mixed, or 

unclassified 
377 (70.6) 31.7 (27.4−35.9) 0.16  31.6 (18.8−44.4) 0.35 

Diffuse type 157 (29.4) 28.1 (24.1−32.1)    23.9 (18.9−28.9)   
CEA, ng/dL 
 

≤ 5 445 (83.3) 32.0 (28.2−35.8) 0.014  28.3 (22.8−33.8) 0.002 
> 5  89 (16.7) 24.3 (16.9−31.7)    12.7 (6.5−18.8)   

CA19-9, ng/dL ≤ 37 447 (83.7) 32.0 (28.1−35.9) 0.006  27.7 (21.6−33.8) 0.034 
  > 37 87 (16.3) 26.1 (13.4−38.8)    19.7 (9.4−30.0)   
ECOG status 0−1 388 (72.7) 36.0 (31.8−40.1) < 0.001  33.0 (23.6−42.4) < 0.001 
  >1 146 (27.3) 13.2 (9.5−16.9)    11.7 (6.6−16.9)   
ASA class 2 253 (47.4) 33.9 (28.8−39.0) 0.014  25.5 (17.9−33.1) 0.96 
  >2 281 (52.6) 27.7 (23.3−32.2)    27.7 (20.9−34.5)   
Gastrectomy method TG 200 (37.5) 24.6 (21.9−27.3) < 0.001  17.8 (13.5−22.1) 0.001 

Partial 334 (62.5) 35.3 (30.9−39.7)    31.8 (21.9−41.6)   
Perineural invasion no 157 (29.4) 42.9 (30.7−55.0) 0.002  40.6 (16.5−64.8) 0.031 

yes 377 (70.6) 27.1 (23.8−30.4)    22.6 (18.2−27.1)   
Vascular invasion no 377 (70.6) 35.6 (29.8−41.3) < 0.001  32.4 (23.5−41.4) < 0.001 

yes 157 (29.4) 22.8 (17.8−27.9)    14.9 (9.7−20.1)   
Lymphatic invasion no 89 (16.7) 51.1 (10.9−91.2) < 0.001  n/a  0.002 

yes 445 (83.3) 27.9 (24.6−31.3)    22.7 (18.5−27.0)  
Resection margin no 462 (86.5) 33.3 (29.5−37.1) < 0.001  29.3 (23.1−35.6) < 0.001 

yes 72 (13.5) 14.3 (10.2−18.3)    12.1 (7.1−17.3)   
Helicobacter pylori infection no 438 (82.0) 29.3 (25.8−32.9) 0.13  25.5 (20.2−30.8) 0.27 

yes 96 (18.0) 37.6 (25.6−49.5)    33.9 (15.9−51.8)   
Adjuvant chemotherapy no 169 (31.6) 18.7 (12.1−25.4) < 0.001  17.6 (11.4−23.7) < 0.001 

yes 365 (68.4) 35.5 (30.9−40.2)    33.5 (23.7−43.2)   
ASA, American Society of Anesthesiologists; BMI, body mass index; CA19-9, Cancer antigen 19-9; CCI, Charlson comorbidity index; CEA, carcinoembryonic antigen; CI, 
confidence interval; ECOG, Eastern Cooperative Oncology Group; ER, emergency room; LNR, ratio of metastatic lymph nodes to total resection lymph nodes; OPD, 
outpatient department; TG, total gastrectomy.  
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Figure 3. Disease-free survival curves for patients in the adjuvant chemotherapy group (green line) and patients in the non-adjuvant chemotherapy group (blue line) 
according to 7th American Joint Committee on Cancer (AJCC) stage IIIA (3A), stage IIIB (3B), and IIIC (3C). 

 
The multivariate analysis identified 9 variables 

including CCI, LNR, CEA level, ECOG status, 
gastrectomy method, perineural invasion, vascular 
invasion, surgical margin and adjuvant chemotherapy 
as the only independent prognostic factors for OS 
(Figure 4A). Except for CCI and perineural invasion, 
the other 7 variables were the only independent 
prognostic factors for DFS in multivariate analysis 
(Figure 4B). The adjusted HR was 0.60 (95% CI: 
0.56–0.90, P < 0.001) for OS and 0.68 (95% CI: 
0.53–0.88, P = 0.003) for DFS in patients in the 
adjuvant chemotherapy group compared with those 
in the non-adjuvant chemotherapy group.  

The impact of type of adjuvant chemotherapy 
regimen on survival outcome was further analyzed. 

Among 364 patients who received adjuvant 
chemotherapy, 122 patients (33.4%) received 5FU 
monotherapy, 92 patients (25.2%) received UFT 
monotherapy, 89 patients (24.4%) received the XELOX 
regimen, 44 patients (12.1%) received TS-1 
monotherapy, and 18 patients (4.9) received other 
regimens. In general, patients who received any 
regimen of chemotherapy had better survival 
outcomes in terms of OS (Figure 5A) and DFS (Figure 
5B) than those treated without adjuvant 
chemotherapy. Patients received TS-1 had the best 
survival outcome in our study, though there was no 
statistical difference in overall survival and 
disease-free survival between patients receiving TS-1 
or other chemotherapy regimens.  
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Figure 4. Multivariate analysis of patient characteristics for overall survival (4A) and disease-free survival (4B). 

 
Figure 5. Overall survival (5A) and disease-free survival (5B) according to chemotherapy regimens 
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Discussion 
Although radical gastrectomy with D2 lymph 

node dissection is a prerequisite for cure of gastric 
cancer, the long-term oncological outcome for 
resected stage III gastric cancer remains sub-optimal, 
with a median survival of 30.7 months in our patient 
cohort. Because surgery alone was inadequate to 
achieve long-term survival in stage III gastric 
cancer,20, 21 identification of patients in high-risk 
groups for tumor recurrence might help to determine 
the appropriate counseling for patients following 
surgical treatment. Our study identified LNR, CEA 
level, ECOG status, gastrectomy method, vascular 
invasion, surgical margin, and adjuvant 
chemotherapy as independent factors that predicted 
OS and DFS. Among these seven independent 
prognostic factors, postoperative adjuvant 
chemotherapy is the only correctable factor. Patients 
who received adjuvant chemotherapy had better 
survival outcomes in terms of OS and DFS across 
stage IIIA to IIIC disease than those treated without 
adjuvant chemotherapy under any regimen. 
Furthermore, our results showed that patients with 
more advanced cancer (stage IIIC) derived greater 
survival benefit from adjuvant chemotherapy than 
patients with less advanced disease (stage IIIA or 
IIIB).  

Not surprisingly, some prognostic factors 
identified in our study were well established in 
relation to survival outcomes in gastric cancer. For 
example, higher CEA level,25 positive surgical 
margin,13, 14 total gastrectomy,25 and presence of 
vascular invasion reflected the more advanced tumor 
stage or aggressive clinical course, while ECOG status 
represented patient’s performance and fitness for 
radical surgery.26 Using the AJCC staging system, 
numbers of lymph node metastases were used to 
determine N-classification and stage group. However, 
it is difficult to further distinguish survival outcome 
in patients beyond N3b-classification (lymph node 
metastatic numbers > 15) using this system. Recently, 
the value of LNR in gastric cancer was vigorously 
explored. Marchet et al first reported that LNR was an 
independent prognostic factor in 1853 gastric cancer 
patients regardless of the type of lymphadenectomy.15 
Subsequently, several studies demonstrated the 
superior value of LNR over LN metastatic numbers in 
prognosis after gastric cancer surgery.16–19 In line with 
this, our results identified LNR as a prognostic factor 
for survival outcome in patients with stage III gastric 
cancer after radical surgery.  

The consensus on adjuvant chemotherapy for 
gastric cancer was mainly reached due to 
meta-analyses conducted prior to 2007.27, 28 The 

Adjuvant Chemotherapy Trial of TS-1 for Gastric 
Cancer (ACTS-GC) was the first well-designed phase 
III study that showed the significant benefit of 
adjuvant chemotherapy for Japanese patients with 
stage II and III gastric cancer who had undergone D2 
dissection.20 Another phase III study examining 
capecitabine and oxaliplatin combination treatment 
(CLASSIC study) in stage II−III gastric cancer after D2 
resection was published in 2012 and reported positive 
results.21 Although consensus regarding the value of 
adjuvant chemotherapy was widely reached after the 
two phase III studies above, some debate continued. 
First, ACTS-GS included patients staged using the 
Japanese Gastric Cancer Staging system, which 
categorizes N-classification by anatomic location of 
metastatic lymph nodes rather than by numbers of 
lymph node metastases as in the AJCC staging 
system.20 In the CLASSIC trial, the inclusion criteria 
included patients with 6th edition AJCC stage II, IIIA, 
and IIIB, while patients with numbers of metastatic 
lymph nodes over 15 were excluded.21 Secondly, the 
statistical survival benefit was identified only in 
patients with stage II disease in the CLASSIC trial and 
patients with stage II or IIIA in the ACTS-GC study by 
subgroup analysis. Both studies demonstrated 
insignificant survival benefit of adjuvant 
chemotherapy versus observation in further advanced 
stage III disease.20, 21 Patients received TS-1 had the 
best survival outcome in our study, though there was 
no statistical difference in overall survival and 
disease-free survival between patients receiving TS-1 
or other chemotherapy regimens. A patient’s 
postoperative condition, personal finance, availability 
of a specific regimen and the physician’s preference 
all contributed to the selection of different regimens. 
Based on these studies, the role and optimal regimen 
of adjuvant chemotherapy in stage III gastric cancer, 
especially for those with stage IIIC disease, was still 
uncertain.20, 21 Prospective randomized phase III trials 
should be conduct to elaborate these urgent issues. In 
contrast to ACTS-GC and the CLASSIC trial, our 
study showed that adjuvant chemotherapy provided 
statistical benefit with regard to OS and DFS for 
patients with stage III gastric cancer, while the highest 
survival benefit was observed among patients with 
stage IIIC disease. The HRs were 0.60 for OS and 0.68 
for DFS in our study, which were comparable to 0.67 
for OS and 0.65 for DFS in the ACTS-GC study20 and 
to 0.58 for OS and 0.66 for DFS in the CLASSIC 
study,21 when comparing patients who received 
adjuvant chemotherapy and those who did not. 
Similar to our observations, Chiu et al also reported 
that adjuvant chemotherapy prolonged OS for 
patients with stage III, but not stage II disease, which 
is reflected in real-world cases of gastric cancer.29 The 
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discrepancy between clinical trials and real-word 
practice may be explained by the selection bias of 
patient groups e.g., 27% of our patients had ECOG 
status 2–4 at the time of initiation of adjuvant 
chemotherapy in daily practice, while the CLASSIC 
trial and ACTS-GC study enrolled patients with 
ECOG status 0–1 only. 20, 21 In our stage IIIA subgroup, 
the 5-year OS was 53% in the adjuvant chemotherapy 
group and 31% in the non-adjuvant chemotherapy 
group, which was worse than the CLASSIC trial (70% 
and 63%) and the ACTS-GC study (67% and 57.3%).30, 

31 Secondly, most of our patient cohort (98.5%) had 
lymph node metastases. One meta-analysis reported 
that adjuvant chemotherapy provided OS benefits in 
gastric cancer patients with lymph node metastases 
but not in those without lymph node metastases.32 

Similarly, patients with positive lymph node 
metastases derived more benefit from adjuvant 
chemotherapy, which was also reported in subgroup 
analysis in the CLASSIC trial.31  

Our study identified several independent 
prognostic factors and demonstrates the survival 
benefit of adjuvant chemotherapy in patients with 
stage III gastric cancer after D2 lymph node 
dissection, especially in those with AJCC stage IIIC 
disease. All the data were collected from a 
prospectively formulated electronic record. However, 
there are several limitations to our study. Firstly, 
selection bias might exist as this was a retrospective 
study. Patients in the adjuvant group had better 
survival outcome but this may be due to younger age, 
excellent ECOG status, and lower comorbidities than 
those in the non-adjuvant group. However, the 
impact of adjuvant chemotherapy on survival still 
existed after adjustment for other confounding factors 
in the multivariate model. Secondly, given the study’s 
retrospective nature and the lack of a regular image 
follow-up duration, the actual DFS might be 
overestimated in our study. Thirdly, various levels of 
competency among the surgeons performing the 
operations may also contribute to different surgical 
outcomes. All patients with stage III gastric cancer 
were advised to receive adjuvant chemotherapy 
within 6 weeks after radical surgery in our institute. 
However, the patient made the final decision on 
adjuvant chemotherapy. In our experiences, there 
were multiple factors that attributed to such decision. 
33 Most of them were personal and varied from 
patients to patients. Unfortunately, we were not able 
to list all the reasons of these 31.6% patients who 
refused adjuvant chemotherapy. The Cancer Genome 
Atlas project recently identified four molecular 
subtypes of gastric cancer: Epstein–Barr virus (EBV), 
microsatellite instability (MSI), genomically stable 
(GS), and chromosomal instability (CIN).34 One recent 

study evaluated the clinical significance of these four 
molecular subtypes of gastric cancer and found that 
patients with the CIN subtype experienced the 
greatest benefit from adjuvant chemotherapy while 
those with the GS subtype had the least.35 
Unfortunately, we were unable to categorize our 
patients according to these molecular subtypes for 
these features were not included at the time of 
diagnosis. Finally, this cohort included patients from 
a single center, raising questions about the 
generalizability of the study findings. Therefore, it is 
reasonable to expand the study to other high-volume 
centers with experience of high-quality D2 surgery. 

Conclusion 
Our study identified several independent 

prognostic factors which might help determine the 
appropriate counseling for patients following surgical 
treatment. D2 surgery alone was inadequate to 
achieve long-term survival for stage III gastric cancer 
patients. As the only correctable independent 
prognostic factor, postoperative adjuvant 
chemotherapy should be recommended for eligible 
patients with stage III gastric cancer. 
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