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Abstract
AIM: To investigate adjuvant chemotherapy, p53 and 
carcinoembryonic antigen (CEA) expression and prog-
nosis after D2 gastrectomy for stage Ⅱ/Ⅲ gastric ad-
enocarcinoma.

METHODS: A total of 286 patients with stage Ⅱ or Ⅲ 
gastric adenocarcinoma who underwent D2 radical gas-
trectomy between May 2007 and December 2010 were 
enrolled into this study. One hundred and sixty-nine of 
these patients received surgery plus adjuvant chemo-

therapy, and 117 patients received surgery alone. Tu-
mor expression of p53 and CEA proteins in all patients 
was evaluated immunohistochemically and correlated 
with clinicopathological parameters. The Kaplan-Meier 
curves for overall survival (OS) and disease-free sur-
vival (DFS) with log-rank testing were used to compare 
the survival difference. A Cox proportional hazard re-
gression model was used for multivariate analysis.

RESULTS: Patients with adjuvant chemotherapy had a 
significantly better median OS (50.87 mo vs  30.73 mo, 
P  = 0.000) and median DFS (36.30 mo vs  25.60 mo, P  
= 0.001) than patients with surgery alone in the entire 
cohort. Consistent results with the entire cohort were 
found in stage Ⅱ (P = 0.006 and P = 0.047), stage Ⅲ (P  
= 0.005 and P  = 0.030), and stage ⅢB/ⅢC patients (P  
= 0.000 and P  = 0.001). The median OS and DFS ad-
vantages were confirmed by multivariate analysis (P = 
0.000 and P  = 0.008) and maintained when the analy-
ses were restricted to fluoropyrimidine monotherapy 
(P  = 0.003 and P  = 0.001) and fluoropyrimidine plus 
platinum regimen (P  = 0.001 and P  = 0.007), however, 
not the fluoropyrimidine plus taxane (P = 0.198 and P  
= 0.777) or platinum plus taxane (P  = 0.666 and P  = 
0.687) regimens. Median OS and median DFS did not 
differ significantly between the patients with p53(+) 
and p53(-) tumors (P  = 0.608 and P  = 0.064), or be-
tween patients with CEA(+) and CEA(-) tumors (P  = 
0.052 and P  = 0.989), which were maintained when 
the analyses were restricted to surgery alone (p53: P  = 
0.864 and P  = 0.431; CEA: P  = 0.142 and P  = 0.948), 
adjuvant chemotherapy (p53: P  = 0.802 and P  = 0.091; 
CEA: P  = 0.223 and P  = 0.946) and even different che-
motherapy regimens (P  > 0.05).

CONCLUSION: Patients after D2 gastrectomy for 
stage Ⅱ/Ⅲ gastric adenocarcinoma had significantly 
better survival after fluoropyrimidine monotherapy and 
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postoperative XP regimen with XP plus radiotherapy, but 
did not compare postoperative XP regimen with surgery 
alone. Meanwhile, the Japanese recommendation after 
D2 gastrectomy is based on the Adjuvant Chemotherapy 
Trial of  TS-1 for Gastric Cancer (ACTS-GC) study, 
which showed a survival benefit for stages Ⅱ and ⅢA 
patients[6]. Thus, more in-depth investigations are needed 
about the adjuvant chemotherapy including other regi-
mens after D2 radical gastrectomy for stage Ⅱ/Ⅲ gastric 
adenocarcinoma.

Better understanding of  the prognostic parameters is 
required. The tumor protein p53, which represents the 
product of  the tumor suppressor gene p53, has been in-
vestigated in various cancers[10-13], and allelic loss of  p53 
occurs in > 60% of  gastric carcinomas with tumor pro-
gression, however, there are still conflicting results about 
the clinical and prognostic significance of  p53 mutations 
in gastric cancer[14-17]. Although carcinoembryonic antigen 
(CEA) immunoassay has found acceptance as a diagnos-
tic adjunct in clinical diagnosis of  gastrointestinal tumors, 
the prognostic value of  CEA tissue status and its cor-
relation with clinical parameters in gastric cancer remain 
to be explored[18-20]. Especially with the development of  
adjuvant chemotherapy, it is important to study the inter-
action of  chemotherapy with p53 and CEA tumor status, 
which may help highlight biological behavior and poten-
tial individualized treatment[15,21].

This current study was deemed necessary to investi-
gate the role of  adjuvant chemotherapy, p53 and CEA 
immunohistochemical expression, their potential inter-
actions, and prognosis after D2 radical gastrectomy for 
stage Ⅱ/Ⅲ gastric adenocarcinoma.

MATERIALS AND METHODS
Patients
We retrospectively analyzed the medical records of  286 
patients who were pathologically proved and diagnosed 
with stage Ⅱ or Ⅲ gastric adenocarcinoma according to 
AJCC, seventh edition. All of  the patients received radical 
gastrectomy (R0 or R1) with D2 nodal dissection by ex-
perienced surgeons in the Sun Yat-sen University Cancer 
Center between May 2007 and December 2010. Among 
them, 169 patients received adjuvant chemotherapy, while 
the remaining 117 patients did not. We excluded 174 pa-
tients with stage I gastric adenocarcinoma and patients 
with preoperative treatments. This study was approved by 
the Institutional Review Board of  Sun Yat-sen University 
Cancer Center. Treatment, immunohistochemistry and 
retrospective analysis of  medical records were performed 
after obtaining written informed consent from all pa-
tients and approval from the Research Ethics Committee 
at the Cancer Center of  Sun Yat-sen University. All pa-
tients gave their consent for the two forms of  treatment 
and were involved in the decision-making about receiving 
adjuvant chemotherapy. We conducted this retrospective 
research according to the principles of  the Declaration 
of  Helsinki. 
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fluoropyrimidine plus platinum. p53 and CEA were not 
prognostic. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Patients after D2 gastrectomy for stage Ⅱ/Ⅲ 
gastric adenocarcinoma had a significant survival ben-
efit after adjuvant chemotherapy compared with sur-
gery alone, which was maintained when restricted to 
stage Ⅱ, Ⅲ or ⅢB/ⅢC patients. The survival did not 
differ significantly between the patients with p53(+) 
and p53(-) tumors, or between patients with carcino-
embryonic antigen (CEA)(+) and CEA(-) tumors, which 
were maintained when the analyses were restricted to 
surgery alone, adjuvant chemotherapy and even dif-
ferent chemotherapy regimens. p53 and CEA immuno-
histochemical expression is not prognostic for survival 
after D2 gastrectomy.
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INTRODUCTION
Gastric cancer ranks second among the most common 
causes of  cancer-related deaths worldwide, with a high 
incidence of  recurrence and metastasis even after radi-
cal surgery, which is the main curative treatment for 
resectable gastric cancer[1]. Adjuvant chemotherapy is a 
standard component of  treatment of  resectable gastric 
cancer, however, the preferred treatment differs by geo-
graphical region and there is no extensive census on the 
regimens[2-6]. D2 gastrectomy is the standard treatment in 
Asia, and now recommended in Europe and the United 
States for resectable tumors[3,7]. So far, the National 
Comprehensive Cancer Network (NCCN) only recom-
mends the capecitabine plus oxaliplatin (XELOX) and 
capecitabine plus cisplatin (XP) adjuvant regimens for D2 
gastrectomy based on the Capecitabine and Oxaliplatin 
Adjuvant Study in Stomach Cancer (CLASSIC) in 2012 
and the Adjuvant Chemoradiation Therapy in Stomach 
Cancer (ARTIST) trial in 2013, respectively[8,9]. Of  note, 
according to the American Joint Committee on Cancer 
(AJCC, seventh edition), the CLASSIC study included 
stage Ⅱ/Ⅲ gastric cancers, but no T4bN+ or N3b (also 
meant as stage Ⅳ (M0) according to AJCC, sixth edition) 
was included. Thus, more evidence for stage ⅢB and 
ⅢC patients is warranted. The ARTIST trial compared 



The adjuvant chemotherapy was mainly based on flu-
oropyrimidine (either injection or oral fluoropyrimidines 
such as S-1 or capecitabine), with or without a combi-
nation of  platinum (oxaliplatin, cisplatin, lobaplatin, or 
nedaplatin), taxane (paclitaxel or docetaxal), or both. 
There was also a small subset of  patients with a regimen 
of  platinum and taxane.

Clinicopathological evaluation included medical his-

tory, physical examination, complete blood count, serum 
chemistry, serum tumor markers, electrocardiography 
before treatment, and surgical-pathological evaluation. 
All regular follow-up assessments were completed by 
June 30, 2013. The median follow-up was 46.0 mo (range, 
0.6-62.2 mo). 

Specimens and immunohistochemistry
Paraffin-embedded tumor specimens from 286 patients 
were cut into 5-μm-thick sections and subjected to im-
munohistochemical analyses. The primary antibodies 
were mouse anti-human p53 protein (1:50; Santa Cruz 
Biotechnology, Santa Cruz, CA, United States) and rab-
bit anti-human CEA protein (1:100; IBL, Tokyo, Japan). 
After incubation with the primary antibody, the sections 
were incubated with the secondary antibody and avidin-
biotin-peroxidase complex. The slides were counter-
stained with hematoxylin and eosin. Positivity for p53 
was defined as nuclear staining in > 10% of  the tumor 
cell nuclei. Positivity for CEA was > 10% cytoplasmic 
staining. Immunohistochemical reactivity was interpreted 
blindly by two independent investigators[15,19].

Statistical analysis
The χ 2 test was used to compare categorical variables. 
Nonparametric tests were used to compare continu-
ous variables. The Kaplan-Meier method with log-rank 
testing was used to estimate the distribution of  time to 
events. Overall survival (OS) was calculated from the 
date of  surgery to death from any cause. Disease-free 
survival (DFS) was determined from the date of  surgery 
to recurrence or death from any cause. Prognostic factors 
were analyzed by searching clinicopathological factors 
in univariate analysis. All variables with P < 0.05 in the 
univariate analysis entered into multivariate analysis using 
Cox proportional hazard regression models. A two-sided 
P value < 0.05 was considered significant, and HR and 
95%CI were calculated. All statistical analyses were per-
formed using SPSS version 19.0 software (Chicago, IL, 
United States).

RESULTS
Patient characteristics
All the clinicopathological characteristics for the surgery 
plus adjuvant chemotherapy group and surgery alone 
group were compared (Table 1). Among the 169 patients 
with surgery plus adjuvant chemotherapy, 43 received flu-
oropyrimidine monotherapy, while 72 received fluoropy-
rimidine plus platinum, 32 fluoropyrimidine plus taxane, 
two fluoropyrimidine plus both platinum and taxane, and 
19 platinum and taxane.

In the 286 tumor specimens, immunohistochemi-
cal expression of  p53 and CEA proteins was observed 
in 222 (77.6%) and 255 (89.2%), respectively. The p53 
tumor status was not correlated with CEA tumor status 
(P = 0.669). We found no correlation of  p53 and CEA 
tumor status with clinicopathological parameters, except 
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Table 1  Clinicopathological characteristics of patients with 
stage II/III gastric cancer  n  (%)

Characteristic Surgery alone Surgery + 
chemotherapy

P  
value

No. of patients 117 169
Age (yr)
   Median (range)   62 (31-80)   58 (25-80) 0.063
   < 70 89 (76.1)        142 (84.0) 0.093
   ≥ 70 28 (23.9) 27 (16.0)
Sex, n 0.924
   Men 83 (70.9)        119 (70.4)
   Women 34 (29.1) 50 (20.6)
Karnofsky performance status 0.515
   ≥ 90        116 (99.1)        166 ( 98.2)
   ≥ 80  1(0.9) 3 (1.8)
Tumor location 0.054
   Proximal 77 (65.8) 92 (54.4)
   Distal 40 (34.2) 77 (45.6)
Histological grade 0.120
   High differentiation 0 (0.0) 4 (2.4)
   Moderate differentiation 32 (27.4) 35 (20.7)
   Low differentiation 85 (72.6)        130 (76.9)
Gloss type 0.429
   Protrusion 41 (35.0) 64 (37.9)
   Ulcer 71 (60.7)        102 (60.4)
   Infiltration 5 (4.3) 3 (1.8)
Tumor size 0.359
   < 5 cm 41 (35.3) 51 (30.2)
   ≥ 5 cm 75 (64.7)        118 (60.8)
Preoperative serum CEA 0.207
   Median (range)      2.42 (0.2–326.8) 2.235 (0.2–265.5)
Preoperative serum CA19-9 0.729
   Median (range)    11.33 (0.6–206.9) 10.83 (0.6–3098.0)
CEA tumor status 0.792
   –          12 (10.3) 19 (11.2)
   +        105 (89.7)        150 (88.8)
P53 tumor status 0.813
   – 27 (23.1) 37 (21.9)
   + 90 (76.9)        132 (78.1)
T category 0.182
   T1 0 (0.0) 2 (1.2)
   T2 7 (6.0) 20 (11.8)
   T3 91 (77.8)        116 (68.6)
   T4 19 (12.6) 31 (18.3)
N category 0.069
   N0 31 (26.5) 37 (21.9)
   N1 19 (16.2) 29 (17.2)
   N2 33 (28.2) 31 (18.3)
   N3 34 (29.1) 72 (42.6)
AJCC stage (7th) 0.066
   ⅡA 29 (24.8) 38 (22.5)
   ⅡB          11 (9.4) 26 (15.4)
   ⅢA 34 (29.1) 34 (20.1)
   ⅢB 40 (34.2) 56 (33.1)
   ⅢC 3 (2.6)          15 (8.9)

CEA: Carcinoembryonic antigen.
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The median OS of  patients with p53(+) and p53(-) 
tumors was 38.47 (26.69-50.25) and 44.0 (35.45-52.55) 
mo, respectively, and the difference was not significant 
(P = 0.608) (Figure 1C). There was no significant differ-
ence in median OS between patients with p53(+) and 
p53(-) tumors in the surgery alone group (P = 0.864) and 
surgery plus adjuvant chemotherapy group (P = 0.802). 
There was no significant difference in median OS in the 
fluoropyrimidine monotherapy subgroup (P = 0.234), 
fluoropyrimidine plus platinum subgroup (P = 0.082), 
fluoropyrimidine plus taxane subgroup (P = 0.144), and 
platinum plus taxane subgroup (P = 0.288).

The median OS of  patients with CEA(+) and CEA(-) 
tumors was 44.24 (38.94-49.53) and 39.90 (34.30-45.50) 
mo, with a borderline significant difference (P = 0.052) 
(Figure 1D). No significant difference was found in the 
median OS between CEA(+) and CEA(-) tumors in the 
surgery alone group (P = 0.142) and surgery plus adju-
vant chemotherapy group (P = 0.223). There was no sig-
nificant difference in median OS in the fluoropyrimidine 
monotherapy subgroup (P = 0.665), fluoropyrimidine 
plus platinum subgroup (P = 0.453), fluoropyrimidine 
plus taxane subgroup (P = 0.229), and platinum plus tax-
ane subgroup (P = 0.738).

Disease-free survival
The median DFS also significantly favored surgery 
plus adjuvant chemotherapy over surgery alone (36.30, 
28.35-44.25 mo vs 25.60, 20.13-31.07 mo; P = 0.001) 
(Figure 2A). The median DFS advantage was maintained 
when the analyses were restricted to patients with stage 
Ⅱ disease (55.50 mo vs 40.47 mo; P = 0.047), stage Ⅲ 
(26.80 mo vs 18.93 mo; P = 0.030), and even stage ⅢB/
ⅢC (26.80 mo vs 15.80 mo; P = 0.001) (Figure 2B).

The median DFS still favored surgery plus fluoropy-
rimidine monotherapy over surgery alone (P = 0.001), 
and fluoropyrimidine plus platinum over surgery alone 
(P = 0.007). However, it did not favor fluoropyrimidine 
combined with taxane (P = 0.777) and platinum plus tax-
ane (P = 0.687) over surgery alone.

The median DFS of  patients with p53(+) and p53(-) 
tumors was 34.33 (30.25-38.41) and 23.73 (14.05-33.41) 
mo, and the difference was not significant (P = 0.064) 
(Figure 2C). There was no significant difference in medi-
an DFS between patients with p53(+) and p53(-) tumors 
in the surgery alone group (P = 0.431) and surgery plus 
adjuvant chemotherapy group (P = 0.091). There was no 
significant difference in median DFS in the fluoropyrimi-
dine monotherapy subgroup (P = 0.431), fluoropyrimi-
dine plus platinum subgroup (P = 0.665), fluoropyrimi-
dine plus taxane subgroup (P = 0.924), and platinum plus 
taxane subgroup (P = 0.055).

 The median DFS of  patients with CEA(+) and 
CEA(-) tumors was 32.93 (27.48-38.38) and 33.43 
(28.12-38.75) mo, and the difference was not significant (P 
= 0.989) (Figure 2D). There was no significant difference 
in median OS between the CEA(+) and CEA(-) tumors 
in the surgery alone group (P = 0.948) and surgery plus 

that the proximal gastric cancer had a more intense im-
munoreactivity of  CEA (P = 0.040) (Table 2).

Overall survival
The median OS was significantly higher in the surgery 
plus adjuvant chemotherapy group than in the surgery 
alone group (50.87, 95%CI: 44.14-57.60 vs 30.73, 95%CI: 
22.99-38.47 mo, P = 0.000) (Figure 1A). The median OS 
advantage of  surgery plus adjuvant chemotherapy over 
surgery alone was maintained when the analyses were 
restricted to patients with stage Ⅱ disease (55.70 mo vs 
41.93 mo; P = 0.006), stage Ⅲ (39.90 mo vs 25.60 mo, 
P = 0.005), and even stage ⅢB/ⅢC (39.90 mo vs 18.20 
mo, P = 0.000) (Figure 1B).

When we compared the two groups stratified by regi-
mens in detail, we still found that median OS favored 
surgery plus fluoropyrimidine monotherapy over surgery 
alone (P = 0.003), or fluoropyrimidine plus platinum 
over surgery alone (P = 0.001), however, it did not favor 
fluoropyrimidine combined with taxane (P = 0.198), or 
platinum plus taxane (P = 0.666) over surgery alone.

Table 2  p53 tumor status, carcinoembryonic antigen tumor 
status and clinicopathological parameters  n  (%)

Characteristic p53(+) (n  = 222) CEA(+) (n  = 255) 

Age (yr) P = 0.406 P = 0.056
   < 70 177 (76.6) 202 (87.4)
   ≥ 70   45 (81.8)   53 (96.4)
Sex, n P = 0.804 P = 0.227
   Men 156 (77.2) 183 (90.6)
   Women   66 (78.6)   72 (85.7)
Tumor location P = 0.271 P = 0.040
   Proximal 135 (79.9) 156 (92.3)
   Distal   87 (74.4)   99 (84.6)
Histological grade P = 0.248 P = 0.248
   High differentiation    4 (100)    4 (100)
   Moderate differentiation   48 (71.6)   63 (94.0)
   Low differentiation 170 (79.1) 188 (87.4)
Gloss type P = 0.041 P = 0.954
   Protrusion   73 (69.5)   93 (88.6)
   Ulcer 142 (82.1) 155 (89.6)
   Infiltration     7 (87.5)     7 (87.5)
Tumor size P = 0.684 P = 0.103
   < 5 cm   70 (76.1)   86 (93.5)
   ≥ 5 cm 151 (78.2) 168 (87.0)
T category P = 0.420 P = 0.883
   T1    2 (100)    2 (100)
   T2   19 (70.4)   25 (92.6)
   T3 165 (79.7) 184 (88.9)
   T4   36 (72.0)   44 (88.0)
N category P = 0.923 P = 0.198
   N0   54 (79.4)   57 (83.8)
   N1   38 (79.2)   45 (93.8)
   N2   50 (78.1)   60 (93.8)
   N3   80 (75.5)   90 (87.7)
AJCC stage (7th) P = 0.211 P = 0.741
   ⅡA   51 (76.1)   58 (86.6)
   ⅡB   30 (81.1)   33 (89.2)
   ⅢA   58 (85.3)   63 (92.6)
   ⅢB   72 (75.0)   86 (89.6)
   ⅢC   11 (61.1)   15 (83.3)

CEA: Carcinoembryonic antigen.
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adjuvant chemotherapy group (P = 0.946). There was no 
significant difference in median DFS in the fluoropyrimi-
dine monotherapy subgroup (P = 0.419), fluoropyrimi-
dine plus platinum subgroup (P = 0.889), fluoropyrimi-
dine plus taxane subgroup (P = 0.177), and platinum plus 
taxane subgroup (P = 0.923).

Prognostic factors 
All clinicopathological factors were searched in univari-
ate analysis. Table 3 shows the results of  univariate and 
multivariate analyses of  factors prognostic for patient 
survival. Multivariate analysis showed that adjuvant che-
motherapy, AJCC stage Ⅱ, and R0 radical surgery were 
independently prognostic for prolonged DFS, while ad-
juvant chemotherapy, AJCC stage Ⅱ, and first-line che-
motherapy were independently prognostic for prolonged 
OS. 

DISCUSSION
As the incidence of  recurrence and metastasis is high 
after radical gastrectomy, it is important to investigate 
adjuvant chemotherapy and prognostic parameters as 
well as their potential interactions. Although the CLAS-

SIC study and ACTS-GC study confirmed the improved 
3-year DFS rate of  XELOX and 5-year OS rate of  S-1 in 
adjuvant chemotherapy after D2 gastrectomy, there are 
limited published data concerning stage ⅢB and ⅢC pa-
tients according to AJCC stage (7th)[6,8]. The ARTIST trial 
demonstrated a good 3-year DFS rate with the postoper-
ative XP regimen, without comparison of  postoperative 
XP regimen and surgery alone[9]. In addition, investiga-
tions of  other regimens after D2 gastrectomy for stage 
Ⅱ/Ⅲ disease are still warranted.

In the present single-center study, we observed that 
patients had a significant OS and DFS benefit after post-
operative chemotherapy in the entire stage Ⅱ/Ⅲ cohort, 
as well as for stage Ⅱ, Ⅲ and ⅢB/ⅢC individually. This 
provided an insight into current treatment for stage Ⅱ
/Ⅲ disease, especially Stage ⅢB and ⅢC, in our center, 
which adds to current knowledge about the population 
benefit of  adjuvant chemotherapy. Three-year DFS and 
OS reported in the CLASSIC study and ARTIST trial 
have not yet been formally validated as surrogate mea-
sures, therefore, we chose traditional median OS and 
median DFS as the primary outcomes. Furthermore, 
we confirmed the significant difference in 3-year OS 
rate between patients with adjuvant chemotherapy and 
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patients with surgery alone (72.8% vs 53.8%, P = 0.001), 
and similarly for the 3-year DFS rate (57.4% vs 45.3%, P 
= 0.044). Although the results of  different studies could 
not be compared directly, the 3-year OS and 3-year DFS 
rates of  the two groups were lower than those reported 
in the CLASSIC study (83% vs 78%, P = 0.0493, 74% 
vs 59%, P < 0.0001), in the ACTS-GC study (80.1% vs 
70.1%, P = 0.003, 72.2% vs 59.6%, P < 0.001) and the 
3-year DFS rate of  XP chemotherapy in the ARTIST tri-
al (74.2%). However, the conclusions were the same. We 
excluded the patients with preoperative treatment that 
could otherwise have improved the R0 resection rates 
and confused the effects of  adjuvant chemotherapy. The 
R1 radical gastrectomy existed reasonably and inclusion 
of  R1 radical gastrectomy reflected the overall treatment 
situation of  resectable gastric cancer in our center. The 
above three phase-3 trials only focused on R0 radical 
gastrectomy. Thus, the inclusion of  R1 radical gastrecto-
my resulted in reduced OS and DFS in the present study. 
R1 gastrectomy was a poor prognostic factor for DFS vs 
R0 surgery, as revealed by multivariate analysis. This was 
consistent with the results for the entire cohort in the R0 
subgroup (OS: 52.27 mo vs 31.67 mo, P = 0.000; DFS: 
36.93 mo vs 26.20 mo, P = 0.004; 3-year OS rate: 74.2% 
vs 55.0%, P = 0.001; 3-year DFS rate: 59.7% vs 45.4%, P 

= 0.036) after excluding the R1 subgroup. Furthermore, 
we focused on patients after R0 gastrectomy excluding 
patients with T4bN+ or N3b disease (3-year OS rate: 
76.1% vs 56.4%, P = 0.000; 3-year DFS rate: 61.0% vs 
48.2%, P = 0.006), for whom survival came nearer to 
results of  the CLASSIC study. Of  note, 13.6% patients 
with T4bN+ or N3b disease were included in our entire 
population, higher than 6.9% in the ACTS-GC study. 
The subgroup results excluding T4bN+ or N3b disease 
came nearer to those in the ACTS-GC study (3-year OS 
rate: 82.63% vs 75.2%, 3-year DFS rate: no subgroup 
analysis), too. Our data on R1 gastrectomy are an impor-
tant complement to the current studies of  R0 gastrec-
tomy.

Although the XELOX and XP regimens were rec-
ommended by NCCN in 2012 and 2013, respectively, 
there is no consensus on the regimens for adjuvant che-
motherapy. Some have suggested that patients would 
benefit from adjuvant chemotherapy and should not be 
influenced by different schemes, including monotherapy, 
double therapy and triple therapy[22]. Some have also 
reported that significant benefits can be detected from 
a fluoropyrimidine-based monotherapy regimen and a 
fluoropyrimidine-based polychemotherapy regimen, but 
not from chemotherapy regimens without fluoropyrimi-
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Figure 2  Kaplan-Meier curves for disease-free survival of patients after D2 gastrectomy for stage Ⅱ/Ⅲ gastric adenocarcinoma. A: Adjuvant chemotherapy 
or not in the entire cohort; B: Adjuvant chemotherapy or not in stage ⅢB/ⅢC patients; C: p53 tumor status as measured by immunohistochemistry; D: CEA tumor 
status as measured by immunohistochemistry. HR and 95%CI were calculated with green curves as references. CEA: Carcinoembryonic antigen. 
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dines[2]. In our study, we examined the fluoropyrimidine-
based regimens and regimens without fluoropyrimidines 
vs surgery alone and only detected a significant survival 
benefit for fluoropyrimidine-based regimens over sur-
gery alone [OS: 52.25 mo vs 31.67 mo, P = 0.000, HR 
= 0.46 (95%CI: 0.31-0.68); DFS: 36.93 mo vs 26.20 mo, 
P = 0.033, HR = 0.70 (0.50-0.97)]. However, there was 
no benefit for the regimens without fluoropyrimidines vs 
surgery alone [OS: 29.93 vs 31.67 mo, P = 0.666, HR = 
0.85 (95%CI: 0.41-1.78); DFS: 23.90 mo vs 26.20 mo, P = 
0.687, HR = 1.13 (95%CI: 0.62-2.09)]. These results were 
in accordance with the optimization of  fluoropyrimidines 
in current gastric cancer treatment regimens established 
by previous research. We investigated four categories of  
regimens but only found survival benefits over surgery 
alone for surgery plus fluoropyrimidine monotherapy, 
and fluoropyrimidine combined with platinum. There was 
no benefit for fluoropyrimidine plus taxane, or platinum 
and taxane over surgery alone. The benefit of  fluoropy-
rimidine monotherapy or fluoropyrimidine combined 
with platinum was consistent with the outcomes of  the 
ACTS-GC study, CLASSIC study and ARTIST trial[6,8,9]. 
Previous studies revealed the genetic mechanism of  cel-
lular cytotoxicity to 5-fluorouracil (5-FU), and platinum 

may act synergistically to enhance the antitumor effects 
of  5-FU in terms of  DNA synthesis inhibition and could 
act as a modulator of  5-FU in gastric cancer[23-25]. The 
platinum plus taxane regimen that we used here, which 
lacked fluoropyrimidines, yielded no survival benefit 
over surgery alone. Moreover, only two patients received 
fluoropyrimidine-based triple therapy, which was too 
small a size to draw any conclusions in comparison of  
triple therapy with surgery alone. Although much work 
has demonstrated improved efficacy for triple therapy, 
in 2013 the NCCN guidelines withdrew the recommen-
dation of  triple therapy because of  obvious toxicity. A 
recent phase Ⅱ clinical trial found that adjuvant therapy 
with S-1 plus docetaxel yielded promising OS and DFS in 
patients with stage ⅢA but not stage ⅢB gastric cancer 
after D2 gastrectomy[26]. Our fluoropyrimidine plus tax-
ane regimen included injection or oral fluoropyrimidines, 
such as S-1, capecitabine, and paclitaxel or docetaxal. The 
sample size restricted the subgroup analysis stratified by 
the disease stage. Therefore, the role of  different com-
binations remains to be investigated in detail with regard 
to disease stage. We suggested that stage Ⅱ/Ⅲ patients 
after D2 gastrectomy may gain a survival benefit from 
fluoropyrimidine monotherapy and fluoropyrimidine 

Table 3  Univariate and multivariate analyses of survival

Clinicopathological factor DFS OS
Univariate Multivariate Multivariate 

P  value
Univariate Multivariate Multivariate 

P  valueHR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI)
Sex Women Reference Reference

Men 0.89 (0.63-1.26) 1.00 (0.67-1.51)
Age (yr) ≥ 70 Reference Reference

< 70 0.87 (0.59-1.30) 0.65 (0.42-1.0)
Performance status ≥ 90 Reference Reference

≥ 80 2.64 (0.84-8.34) 1.84 (0.45-7.47)
Tumor location Distal Reference Reference 0.099

Proximal 1.22 (0.88-1.70) 1.51 (1.02-2.24) 1.40 (0.94-2.09)
Differentiation Low Reference Reference

Moderate 0.81 (0.56-1.19) 0.78 (0.50-1.21)
High 0.20 (0.03-1.47) 0.31 (0.04-2.27)

Gloss type Protrusion Reference 0.081 Reference 0.008
Ulcer 0.81 (0.58-1.14) 0.83 (0.59-1.18) 0.301 0.70 (0.47-1.03) 0.69 (0.46-1.03) 0.072
infiltration 2.31 (1.05-5.07) 1.94 (0.86-4.37) 0.108 2.56 (1.15-5.69) 2.19 (0.95-5.05) 0.066

Tumor size < 5 cm Reference 0.363 Reference 0.099
≥ 5 cm 1.45 (1.04-2.01) 1.17 (0.84-1.63) 1.67 (1.15-2.43) 1.40 (0.94-2.09)

Preoperative serum CEA ≥ median Reference Reference
< median 0.94 (0.68-1.31) 0.84 (0.58-1.23)

Preoperative serum CA19-9 ≥ median Reference Reference
< median 0.84 (0.575-1.24) 0.85 (0.54-1.34)

CEA tumor status + Reference Reference
- 1.00 (0.59-1.68) 0.45 (0.20-1.03)

P53 tumor status + Reference Reference
- 1.40 (0.98-2.01) 1.12 (0.72-1.75)

AJCC stage (7th) Ⅲ Reference 0 Reference 0.000
Ⅱ 0.36 (0.24-0.53) 0.63 (0.51-0.77) 0.32 (0.20-0.51) 0.59 (0.46-0.75)

Radical surgery R1 Reference 0.006 Reference 0.214
R0 0.34 (0.19-0.60) 0.43 (0.23-0.78) 0.45 (0.23-0.86) 0.65 (0.33-1.28)

Adjuvant chemotherapy Yes Reference 0.008 Reference 0.000
No 1.58 (1.15-2.17) 1.55 (1.12-2.14) 1.99 (1.38-2.87) 2.01 (1.37-2.94)

First-line chemotherapy Yes Reference 0.013
No 1.87 (1.14-3.07) 1.95 (1.15-3.30)

CEA: Carcinoembryonic antigen; OS: Overall survival; DFS: Disease-free survival.
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combined with platinum. 
The level of  wild-type p53 protein is low, and because 

of  its short half-life, it is undetectable by standard immu-
nohistochemical staining in normal tissues. The mutated 
p53 protein accumulates by binding to other oncogenic 
proteins or by prolonging its half-life[27], which can be 
detected with immunohistochemistry. Previous studies 
have shown a significant association between P53 muta-
tions and immunohistochemical p53 reactivity[28]. There 
are conflicting results in studies on the prognostic signifi-
cance of  p53 mutations after gastrectomy. Some studies 
have shown that p53 overexpression leads to poor DFS 
and OS after radical gastrectomy, either by univariate 
analysis[16,29,30] or by multivariate analysis[31,32]. However, 
other studies have found that p53 overexpression is not 
related to prognosis[15,33,34]. With fewer than 200 patients 
included in most studies, we thus conducted a larger 
study with balanced characteristics and took into account 
other prognostic parameters, especially the potential 
interaction of  adjuvant chemotherapy. Our univariate 
analysis found that p53 tumor status was not prognostic 
for OS or DFS after radical gastrectomy. The consistently 
nonsignificant prognostic effects of  p53, stratified by sur-
gery or different adjuvant regimens, are compatible with 
previous studies that showed no significant influence of  
p53 expression upon tumor response[35]. Here, p53(+) 
tumor status tended to yield prolonged OS or DFS com-
pared with p53(-) tumor status, although the difference 
was not significant. This is consistent with the study by 
Potrc et al[36] that median survival was higher in patients 
with p53 positivity, although not significantly. One study 
showed that patients with p53(-) gastric cancer had a 
poor prognosis by univariate analysis[37]. One possible rea-
son is that the increase in p53 staining is not always due 
to a mutated gene, and overexpression of  the wild-type 
protein might be detected in a subset of  patients[38]. An-
other is that p53 plays a complicated role as both a tumor 
suppressor and oncogene. In addition, we observed no 
correlation between p53 expression and clinicopathologi-
cal variables, as in previous studies[15,32,39]. These results all 
suggest that p53 immunohistochemical expression should 
not be judged as a prognostic biomarker.

In this study, immunoreactivity of  CEA was observed 
in 89.2% of  patients, similar to that observed by Kim et 
al[19]. A high percentage (100%) of  CEA positivity was 
seen in four highly differentiated gastric cancer speci-
mens, compared to 94% in 63 moderately differentiated 
and 87.4% in 188 lowly differentiated cancer specimens, 
in accordance with the relationship between CEA inten-
sity and differentiation reported previously[40,41]. However, 
the difference was not significant, which may be due to 
the small number of  highly differentiated gastric cancer 
specimens. As compared to the distal localization of  
gastric cancer, proximal cancer had more intense immu-
noreactivity of  CEA (92.3% vs 84.6%, P = 0.040). The 
difference between proximal and distal localization was 
also investigated by Mărgăritescu et al[42]. Despite the de-
cline in gastric cancer incidence, adenocarcinomas from 

the proximal stomach have tended to be more frequent 
during the past three decades. These differences in CEA 
tumor status indicate that proximal adenocarcinomas 
may be a different, specific subtype of  gastric carcinoma. 
Although CEA immunoassay as a diagnostic adjunct and 
a potential prognostic factor in gastrointestinal tumors 
has been discussed[43,44], the value of  CEA tumor status 
as a prognostic indicator for gastric carcinoma remains 
unclear. Kim et al[19] demonstrated that the CEA(-) group 
(78.2%) had a significantly better 3-year survival rate than 
the CEA(+) group (60.2%) in univariate analysis, howev-
er, not in multivariate analysis. We found that the CEA(-) 
group had better median OS than the CEA(+) group, 
although only with borderline significance. We also ob-
served that the 3-year survival rate in the CEA(-) group 
was higher than that in the CEA(+) group, although still 
without significance (80.9% vs 55.7%, P = 0.083). Wheth-
er this was due to the small size of  the CEA(-) group or 
a true clinicopathological principle is conjectural. In addi-
tion, the nonsignificant effect of  CEA tumor status was 
maintained when it was restricted to surgery alone and 
different regimens. The present data suggest that CEA 
immunohistochemistry in tumor tissues is of  limited 
value in obtaining precise prognostic information.

Besides adjuvant chemotherapy, the positive prog-
nostic values of  AJCC stage Ⅱ for DFS and OS, as well 
as first-line chemotherapy for OS have been reported 
previously[45].

In conclusion, we suggest that patients after D2 gas-
trectomy for stage Ⅱ/Ⅲ gastric adenocarcinoma can 
gain a significant survival benefit from fluoropyrimidine 
monotherapy and fluoropyrimidine combined with 
platinum adjuvant regimens. p53 and CEA immunohis-
tochemical expression is not prognostic for survival after 
D2 gastrectomy.
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num. The survival did not differ significantly between the patients with p53(+) 
and p53(-) tumors, or between patients with CEA(+) and CEA(-) tumors. This 
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chemotherapy, and even different chemotherapy regimens. p53 and CEA immu-
nohistochemical expression is not prognostic for survival after D2 gastrectomy. 
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fluoropyrimidine combined with platinum adjuvant regimens should be consid-
ered in patients after D2 gastrectomy for stage Ⅱ/Ⅲ gastric adenocarcinoma. 
Meanwhile, more investigations of prognostic parameters after D2 gastrectomy 
are warranted on the basis of the nonprognostic value of p53 and CEA immu-
nohistochemical expression.
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