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Abstract

Objective: The benefit of adjuvant chemotherapy is still controversial for stage Il gastric cancer patients. This study
aims to identify prognostic factors to guide individualized treatment for stage Il gastric cancer patients.

Methods: We retrospectively reviewed 1121 stage Il gastric cancer patients who underwent D2 radical gastrectomy
from 2007 to 2017 in the Sixth Affiliated Hospital of Sun Yat-sen University, FuJian Medical School Affiliated Union
Hospital and Sun Yat-sen University Cancer Center. Propensity score matching was used to ensure that the baseline
data were balanced between the adjuvant chemotherapy group and surgery-only group. Kaplan-Meier survival and
multivariate Cox regression analyses were carried out to identify independent prognostic factors.

Results: In univariate analysis, after propensity score matching, age, tumor location, tumor size, CEA, T stage and N
stage were associated with overall survival (OS). Multivariate analysis illustrated that age > 60 years old, linitis plastica
and T4 were independent risk factors for OS, but lower location and adjuvant chemotherapy were protective factors.
Conclusion: Stage Il gastric cancer patients with adverse prognostic factors (age > 60, linitis plastica and T4) have
poor prognosis. Adjuvant chemotherapy may be more beneficial for these patients.
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Introduction

Despite the rapid advances that continue to improve
comprehensive therapy and screening methods, gastric
cancer is still the fourth most common malignant tumor
in the world (989,600 new cases per year) and the sec-
ond leading cause of death among all malignant tumors
(738,000 deaths annually) [1]. Approximately 60% of
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new cases occur in three eastern Asian countries: China,
Japan and South Korea [2]. Although the incidence of
gastric cancer has decreased worldwide since the 1950s,
China still accounts for 42.6% of the global incidence and
approximately 45% of gastric cancer-related deaths [3, 4].

In recent years, adjuvant chemotherapy has been
widely used for stage II and III gastric cancer patients to
improve the 5-year overall survival rate. The ACTS-GC
study, a randomized phase III trial, showed that the over-
all survival rate at 5 years was 71.7% in the adjuvant group
and 61.1% in the surgery-only group (HR [95%ClI], 0.669
[0.540-0.828]) [5]. Another famous study in Asia, the
CLASSIC study, also reported a hazard ratio for 5-year
overall survival of 0.66 (95% CI, 0.51-0.85; p=0.0015) for
surgery and adjuvant chemotherapy with capecitabine
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and oxaliplatin for 6 months after a median follow-up
of 62.4 months [6]. These results from randomized con-
trolled trials provided hard evidence of the survival ben-
efits associated with adjuvant chemotherapy. However,
the subgroup analysis of 3-year disease-free survival in
the CLASSIC study demonstrated that the improvement
in the adjuvant chemotherapy group for stage II disease
was not as evident as that for stage IIla or IIIb disease.
The 3-year disease-free survival rates for stage II disease
were 85% (adjuvant chemotherapy group) vs 71% (sur-
gery-only group), those for stage Illa disease were 66%
versus 51%, and those for stage IIIb disease were 61%
versus 33% [7]. Some clinics considered that adjuvant
chemotherapy for all stage II or III gastric cancer patients
may be unnecessary or even harmful to some patients
[8]. Furthermore, Choi et al. confirmed that stage II or III
gastric cancer patients with high microsatellite instability
might not benefit from adjuvant chemotherapy [9]. Some
researchers have tried to use biomarkers to determine
the necessity of chemotherapy, but all of these studies
were retrospective, and the results were unsatisfactory.

Therefore, there is still no evaluation system for stage II
gastric cancer patients to determine if adjuvant chemo-
therapy is needed. Thus, the purpose of this study is to
confirm the role of adjuvant chemotherapy in the treat-
ment of stage II gastric cancer and determine some prog-
nostic factors for the establishment of a prediction model
to guide individualized treatment for stage II gastric
cancer.

Materials and methods

Patients

We retrospectively collected clinicopathological factors
from 1389 gastric cancer patients from the Sixth Affili-
ated Hospital of Sun Yat-sen University, FuJian Medical
School Affiliated Union Hospital and Sun Yat-sen Uni-
versity Cancer Center who underwent D2 radical gas-
trectomy alone or radical surgery followed by adjuvant
chemotherapy. We applied inclusion and exclusion crite-
ria to select eligible patients. The inclusion criteria were
as follows: (1) pathologically confirmed stage II gastric
adenocarcinoma (according to the 8th TNM staging sys-
tem of the American Joint Committee on Cancer), (2)
D2 radical gastrectomy, (3) enough clinicopathological
factors to analyze, (4) no synchronized tumors, and (5)
complete follow-up data. The exclusion criteria were as
follows: (1) previous neoadjuvant chemotherapy, immu-
notherapy or radiotherapy, (2) missing important clinico-
pathological factor information, (3) incomplete follow-up
information, (4) severe hepatic and renal insufficiency,
and (5) age younger than 18 years. Finally, a total of 1121
patients with stage II gastric cancer were selected, with
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805 (71.8%) patients in the adjuvant chemotherapy (AC)
group and 316 (28.2%) in the surgery-only group.

Variables

The continuous variables were turned into suitable cat-
egorical variables. The analyzed variables included age
(<60,>60 years old), sex (male, female), carcinoem-
bryonic antigen (CEA) (<5,>5 pg/L), carbohydrate
antigen 19-9 (CA199) (<37,>37 U/ml), hemoglobin
(HB) (<120,>120 g/L), primary tumor location (upper,
middle, lower or linitis plastica), primary tumor size
(<5,>5 cm), T stage (T1/2/3, T4), N stage (negative,
positive), tumor histology (mucinous adenocarcinoma or
signet cell carcinoma), and adjuvant chemotherapy. The
cut-off points for age and tumor size were classified by
the “x-tile” program. The cut-off values of CEA, CA199
and HB were taken as the reference standards. T stage
and N stage were identified by the postoperative patho-
logical report. Poorly differentiated adenocarcinoma,
including mucinous adenocarcinoma and signet cell car-
cinoma, were separated from gastric adenocarcinoma for
the analysis.

Statistical analysis

Descriptive statistics were used to summarize distribu-
tions of the variables, and the chi-square test was used to
evaluate the baseline categorical variables. Then, age was
used as a covariate for propensity score matching (PSM).
After 1:2 propensity score matching, the baseline clinico-
pathologic characteristics and overall survival (OS) were
analyzed. OS was calculated from the date of surgery to
death from cancer-related causes. The Kaplan—Meier
method was used to draw survival curves, and the dif-
ferences among curves were compared by log-rank test.
Next, the variables with a p value<0.10 in univariate
analysis were enrolled in multivariate analysis. Multivari-
ate Cox regression was used to determine independent
prognostic factors associated with overall survival, and
the final prognostic factors were selected by the stepwise
method. A two-sided p value<0.05 was considered sig-
nificant in all analyses. All analyses were carried out by
SPSS v.22.0 (SPSS, Inc., Chicago, IL, USA).

Propensity score matching

The patients were not randomly distributed into the adju-
vant chemotherapy group or surgery-only group, which
contributed to selection bias, so PSM was used to control
selection bias and balance unbalanced covariates associ-
ated with the outcome. In this study, 1:2 nearest-neigh-
bor matching for PSM without replacement was utilized.
The caliper width was 0.05.
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Result

Patient characteristics

The clinicopathological factors of both group stage II gas-
tric cancer patients are shown in Table 1. Before propen-
sity score matching, the distribution of age (p=0.002)
and signet ring cell carcinoma (p =0.007) were evidently
different between the two groups. Compared with the
surgery-only group, the AC group had fewer patients
aged > 60 years (48.4% vs 58.9%) but more patients with
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signet ring cell carcinoma (18.0% vs 11.4%). Moreover,
there were no differences in sex, CEA, CA199, HB, site
of primary tumor, size of primary tumor, T stage, N stage
or mucinous adenocarcinoma between groups. To avoid
overmatching, we selected age as a covariate to estimate
the propensity score because age was associated with
OS (p<0.001, Table2). After 1:2 PSM, all variates were
balanced (p>0.05) except for signet ring cell carcinoma
(p=0.038). In total, 948 patients were selected by PSM,

Table 1 Characteristics of Stage Il Gastric Cancer Patients before and after PSM

Characteristic Before PSM (n=1121)

After PSM (n=948)

AC [n=805] (%) Surgery-only p value AC [n=632] (%) Surgery-only p value
[n=316] (%) [n=316] (%)

Age 0.002 1.000
<60 415 (51.6) 130 (41.1) 260 (41.1) 130 (41.1)

260 390 (484) 186 (58.9) 372 (58.9) 186 (58.9)

Sex 0.102 0.255
Male 567 (70.4) 238(75.3) 454 (71.8) 238(75.3)

Female 238(29.6) 78 (24.7) 178(28.2) 78 (24.7)
Tumor location 0.143 0.296
Upper 236 (29.3) 106 (33.5) 201 (31.8) 106 (33.5)

Middle 139 (17.3) 44 (24.0) 105 (16.6) 44 (13.9)

Lower 383 (47.6) 155 (49.1) 290 (45.9) 155 (49.1)

Linitis plastica 47 (5.8) 11(3.5) 36 (5.7) 11(3.5
Tumor size 0.638 0.849
<5cm 519 (64.5) 199 (63.0) 402 (63.6) 199 (63.0)

25cm 286 (35.5) 1 0) 230 (36.4) 177 (37.0)

SCA 0.007 0.038
Yes 145 (18.0) 36(11.4) 104 (16.5) 36(11.4)

No 660 (82.0) 280 (88.6) 528 (83.5) 280 (88.6)

MCA 0.193 0.240
Yes 69 (8.6) 35(11.1) 55(8.7) 35(11.0)

No 736 (91.4) 281(88.9) 577 (91.3) 281 (88.9)
CA199 (U/ml) 0.623 0436
<37 710(88.2) 282 (89.2) 553 (87.5) 282(89.2)

237 95(11.8) 34(10.8) 79(12.5) 34(10.8)

CEA (ng/ml) 0.627 0.951
<5 677 (84.1) 262 (82.9) 525(83.1) 262 (82.9)

25 128 (15.9) 54(17.1) 107 (16.9) 54(17.0)

HB (g/L) 0.297 0.166
<120 289 (35.9) 124(39.2) 219 (34.7) 124 (39.2)

2120 516 (64.1) 192 (60.8) 413 (65.3) 192 (60.8)
T stage 0.086 0.088
T1/2/3 665 (82.6) 247 (78.2) 523(82.8) 247 (78.2)

T4 140(17.4) 69 (21.8) 109 (17.2) 69 (21.8)

N stage 0.141 0215
Positive 424 (52.7) 151 (47.8) 329 (52.1) 151 (47.8)

Negative 381 (47.3) 165 (52.2) 303 (47.9) 165 (52.2)

SCA, signet ring cell carcinoma; MCA, mucinous adenocarcinoma; CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 19-9
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Table 2 Univariate Analysis of Factors Associated with Overall Survival before and after PSM

Before PSM (n=1121) After PSM (n=948)

Mean OS (month) [95% Cl] p value Mean OS (month) [95% Cl] p value
Age <0.001 <0.001
<60 113.90[110.23-117.58] 11539[111.33-119.44]
260 91.26 [86.45-96.07] 91.24 [86.37-96.11]
Sex 0.025 0.075
Male 100.44 [96.72-104.17] 98.80 [94.89-102.71]
Female 110.05 [104.45-115.66] 108.50 [102.22-114.77]
Tumor location <0.001 <0.001
Upper 93.41 [88.55-98.28] 91.61 [86.30-96.93]
Middle 88.83 [81.59-96.07] 88.87 [80.62-97.12]
Lower 110.89 [106.79-114.98] 11.21[106.80-115.63]
Linitis plastica 63.26 [51.61-74.91] 62.28 [49.97-74.59]
Tumor size <0.001 0.002
<5cm 109.01 [105.20-112.83] 107.99 [103.72-112.27]
25cm 95.76[90.16-101.37] 89.71 [84.49-94.93]
SCA 0.164 0.122
Yes 111.02 [104.65-117.38] 111.35[104.17-118.52]
No 101.11 [97.61-104.60] 97.42[93.83-101.02]
MCA 0.740 0.622
Yes 89.21 [82.56-95.87] 89.67 [82.71-96.63]
No 104.98 [101.57-108.40] 104.22 [100.48-107.96]
CA199 (U/ml) 0.143 0.093
<37 106.21 [102.86-109.56] 105.86 [102.22-109.50]
237 82.17 [74.61-89.74] 80.08 [71.58-88.58]
CEA (ng/ml) 0.014 0.010
<5 106.67 [103.22-110.12] 106.31 [102.54-110.08]
25 7817 [72.40-83.93] 77.03 [70.80-83.25]
HB (g/L) 0.206 0.140
<120 99.08 [94.01-104.14] 97.49[91.83-103.15]
2120 106.34 [102.36-110.32] 106.21 [101.91-110.50]
T stage 0.009 0.013
T123 103.16 [99.89-106.43] 102.45 [98.81-106.09]
T4 97.99 [91.00-104.97] 97.02 [89.34-104.70]
N stage 0.006 0.035
Positive 106.01 [102.45-109.57] 104.76 [100.73-108.80]
Negative 99.95 [94.99-104.90] 100.08 [94.77-105.40]

OS, overall survival; SCA, signet ring cell carcinoma; MCA, mucinous adenocarcinoma; CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 19-9

including 632 patients with adjuvant chemotherapy and
316 patients without adjuvant chemotherapy.

Univariate survival analysis

The prognoses of the AC group and surgery-only group
were compared by Kaplan—Meier survival analysis.
Before PSM, the survival curves illustrated that the prog-
nosis of the AC group was significantly better than that
of the surgery-only group (»p=0.034). The mean overall
survival time of the AC group was 107.48 £1.89 months,

which was longer than that of the surgery-only group
(95.53+3.06 months). However, we amazingly found
that after PSM, the difference in overall survival curves
between the two groups was not as significant as
before (p=0.060). The mean overall survival time was
107.18 £2.12 months (AC) vs 95.53 4+3.06 months (sur-
gery-only) (Fig. 1).

Furthermore, the results also revealed that age
(p<0.001), primary tumor location (p<0.001), pri-
mary tumor size (p<0.001),

CEA (p=0.014), T
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stage (p=0.009) and N stage (p=0.006) were obvi-
ously associated with OS (Table 2, Fig. 2), but CA199
(»p=0.143), HB (»p=0.206), mucinous adenocarcinoma
(p=0.740) and signet ring cell carcinoma (p=0.164)

had statistically insignificant associations (Table 2). The
results of the above variables were similar after PSM
(Table 2, Fig. 3). Regarding sex, female patients had bet-
ter survival than male patients before PSM (p =0.025).

A B

(o
1.0 —I1<60 years old 109 5 =Tupper W —<5em
11260 years old ~middle ~I25¢cm
0.9 lower
0.9 Log-rank p<0.001  _ —Ilinitis plastica _ 09
_'_>' E 0.8 E Log-rank p<0.001
"] : :
@ @ 0.7 a 0.8
E 0.71 g 3
3 3 0.6 Log-rank p<0.001 3
0.6 .| 0.7
0.5 0.4 0.6
1 1 | 1 1 1 1 1 I T T 1 T T 1 1 T 1]
.0 25.0 50.0 75.0 100.0 125.0 .0 25.0 50.0 75.0 100.0 125.0 0 25.0 50.0 75.0 100.0 125.0
Overall survival (months) Overall survival (months) Overall survival (months)
D E F
1.0 —I1<5ng/ml 1.0 —T123 1.0 —Mlymphnode negative
~I725ng/ml T4 —Ilymphnode positive
— 0.9 — 0.9 — 094 -
3 Log-rank p=0.014 g s Log-rank p=0.006
’E 5 Log-rank p=0.009 3
& 08 & 08 & 0.8
E
3 3 8
0.7 0.7 0.7+
0.6 0.6 0.6+
T T T T T T 1 1] 1 ] 1 1 1 1 T  § 1 1
.0 250 50.0 75.0 100.0 125.0 .0 25.0 50.0 75.0 100.0 125.0 .0 250 50.0 75.0 100.0 125.0
Overall survival (months) Overall survival (months) Overall survival (months)
Fig. 2 Kaplan—-Meier survival curves of overall survival before PSM. A Age, p <0.001; B Tumor location, p<0.001; C Tumor size, p <0.001; D CEA,
p=0.014; ET stage, p=0.009; F N stage, p=0.006
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However, the differences in OS between sexes were not  survival after matching. The results demonstrated that

significantly after PSM (p =0.075) (Fig. 4). old age, high T stage and linitis plastica were independ-
ent risk factors for poor survival, while lower primary
Multivariate Cox regression analyses tumor and adjuvant chemotherapy were protective fac-

Cox proportional hazard models were established to  tors (Table 3).
identify independent prognostic factors for overall
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Fig. 4 Kaplan—-Meier survival curves of overall survival in sex. A Before PSM, p=0.025; B after PSM, p=0.075
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Discussion

Although the incidence of gastric cancer is declining
worldwide [10], most gastric cancer patients are diag-
nosed at an advanced stage in China, so D2 radical gas-
trectomy and adjuvant chemotherapy still play a critical
role in gastric cancer treatment [4]. Many important
clinical studies have confirmed the significance of adju-
vant chemotherapy, including the INT-0116 study [11],
MAGIC study [12], CLASSIC study [6, 7] and ACTS-GC
study [5, 13]. Recently, JCOG1104 trail further revealed
the overall survival of stage II gastric cancer patients with
eight course adjuvant S1 was better than those with four
courses, but TIN2-3 and T3NO were excluded [14]. How-
ever, most patients in the INT-0116 study underwent DO
or D1 gastrectomy (a total of 90%). Likewise, D2 radi-
cal gastrectomy was not used as standard surgery in the
MAGIC study. Therefore, some Asian doctors doubt that
these results are appropriate for gastric cancer patients
because D2 radical gastrectomy has been the standard
of care in east Asia [15, 16]. In addition, the CLASSIC
study and ACTS-GC study have confirmed the positive
effects of adjuvant chemotherapy after D2 gastrectomy,
but their inclusion criteria were based on the 6th edition
AJCC and 2nd edition Japanese Gastric Cancer Associa-
tion (JGCA) guidelines, respectively. Compared with 6th
edition AJCC gastric cancer TNM staging, the most sig-
nificant differences in the 8th edition AJCC used in our
study was that the tumor with subserosa invasion was
defined as T3 instead of T2. In addition, 3—-6 regional
lymph nodes metastasis were redefined as N2 instead
of N1, 7-15 regional lymph nodes metastasis was N3a

Table 3 Multivariate Cox regression analysis of factors
associated with overall survival after PSM

Overall survival

HR [95%ClI] p value
Age
<60 Reference
260 2.953 [1.959-4.452] <0.001
Tumor location
Upper Reference
Middle 0.867 [0.523-1.437] 0.579
Lower 0.619 [0.416-0.920] 0.018
Linitis plastica 2.647 [1.528-4.585] 0.001
T stage
T123 Reference
T4 1.667 [1.148-2.421] 0.007
Adjuvant chemotherapy
No Reference
Yes 0.683 [0.485-0.964] 0.030

HR hazard ratio, C/ confidence interval
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and > 16 was N3b. Thus, T3N2 were excluded from stage
II gastric cancer and T1IN2 and T3NO were included. As
the CLASSIC study showed, the improvement in 3-year
disease-free survival was not as evident for patients with
stage II disease as it was for those with stage III disease
in the adjuvant chemotherapy group. In the JCOG8801
study [17], patients with T1-2NO/+ disease were consid-
ered to gain no survival benefits from adjuvant chemo-
therapy. Therefore, whether stage II gastric cancer
patients need adjuvant chemotherapy and what kind of
patients can benefit from adjuvant chemotherapy remain
to be identified. In this study, we used multicenter data in
China to explore this question.

The benefits of adjuvant chemotherapy for stage III
gastric cancer has been widely demonstrated. However,
these benefits remain controversial for stage II gastric
cancer [17-19]. Recently, Yuming Jiang et al. [8] reported
some prognostic risk factors and tried to predict the
survival benefit of adjuvant chemotherapy for patients
with stage II and stage III gastric cancer, but no sub-
group analysis was carried out in their study. In addition,
although many studies have identified a series of prog-
nostic factors related to gastric cancer [20-22], none of
the studies discussed stage II gastric cancer separately.
Thus, in our study, we attempted to use some available
and typical clinicopathological factors and identify their
effects on the survival of stage II gastric cancer patients,
with the aim to build a model for selecting patients with
stage II gastric cancer who can benefit from adjuvant
chemotherapy.

Our study demonstrated that age>60 vyears, linitis
plastica, and T4 were independent prognostic factors in
stage II gastric cancer patients. Contrary to the results of
other similar studies [23, 24], N stage was not a prognos-
tic factor in the results of the multivariate analysis. Addi-
tionally, patients with lymph node metastasis had better
OS (mean OS, 104.76; 95% CI, 100.73 to 108.80) than
those without lymph node metastasis (mean OS, 100.08;
95% CI, 94.77 to 105.40). In other studies, patients clas-
sified as stage II/III or all stages were included. However,
stage II (according to 8th edition AJCC guidelines) gastric
cancer is a special stage. Stage II gastric cancer patients
with a late T stage usually have early N stage disease. Our
results confirmed that T stage is more meaningful than N
stage in influencing the prognosis of stage II gastric can-
cer patients. Therefore, due to the late T stage, patients
without lymph node metastasis may have a poorer OS
than those with lymph node metastasis.

In clinical practice, the TNM staging system is an
essential way to evaluate the prognosis of gastric patients
[25]. However, we found that the prognosis often varies
even within the same TNM stage. As Warneke stated
[26], the TNM staging system is a simple mathematical
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model, and it is difficult to reflect the actual OS without
other clinicopathological factors. To assess the progno-
sis more accurately, other important clinicopathological
factors should also be taken into account. As our univari-
ate analysis results showed, age, tumor location, tumor
size, and CEA are other factors associated with OS that
should be considered. In the past, some studies used
similar prognostic risk factors to distinguish patients who
can benefit from adjuvant chemotherapy. However, some
vital clinicopathological factors were unbalanced, or the
number of patients from a single center was relatively
small [18, 27].

There is no denying that age must be a key factor
in prognosis. Research in the Netherlands has con-
firmed this association [28]. Toru Aoyama et al. [29] and
Pompiliu Piso et al. [30] reported that the long-term sur-
vival of patients with distal tumors was more satisfactory
than that of patients with proximal tumors. There is a
high proportion of undifferentiated tumors in the proxi-
mal stomach, which tend to have a poorer prognosis than
differentiated tumors. Anatomically, the intra-abdominal
part of the cardia and fundus are not fully covered by
visceral peritoneum, so proximal gastric cancer is more
likely to infiltrate the serosa and more prone to peritoneal
metastasis [27]. In terms of surgery, radical surgery for
proximal gastric cancer is D2 total gastrectomy, which
is more invasive than surgery for distal gastric cancer
[29]. Linitis plastica has the poorest prognosis among
all tumor locations. In Asia, linitis plastica is defined as
Borrmann IV gastric cancer [16]. A recent study showed
that linitis plastica has a high risk for peritoneal involve-
ment (75.2% among patients with radiographically non-
metastatic disease), so linitis plastica was an independent
prognostic factor [31]. In the past, some studies showed
that a larger tumor size may increase the difficulty of sur-
gery or be associated with a more advanced Borrmann
type, deeper depth of invasion, and higher incidence of
lymph node metastases, all of which contribute to poorer
0S [32, 33].

There are some limitations in our study. First, this study
is a retrospective study, so selection bias is inevitable. How-
ever, we used PSM to adjust the baseline characteristics and
reduce the influence of selection bias. Second, considering
the large number of cases from multiple centers in this
study, our results may be generalized, at least in Asia, but
these results need to be further validated in European and
American cohorts because all patients in this study were
from China. Third, the adjuvant chemotherapy regimens
were not uniform, but all the patients who were included
in adjuvant chemotherapy group accepted the fluorouracil-
based adjuvant chemotherapy. Recently, fluorouracil is still
the basis of the adjuvant chemotherapy regimens for gas-
tric cancer (containing XELOX » SOX or S-1). Therefore,
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it may be reasonable to consider that the effect of different
chemotherapy regimens on outcomes in our study would
be slight.

Conclusion

In conclusion, age> 60, linitis plastica and T4 are inde-
pendent risk prognostic factors, thus patients with these
risk factors may need to receive adjuvant chemotherapy.
However, adjuvant chemotherapy may be dispensable
for other patients with good prognosis in stage II gastric
cancer.

Acknowledgements
Not applicable.

Authors’ contributions

SC and J-SP designed the study. Z-JD analysed the data, explained the results
and wrote the paper. R-CN, J-L, X-JC, JX, C-MH, Y-BC collected the clinical data.
SC guided the writing. All authors read and approved the final manuscript.

Funding
This study supported by Guangzhou Science and Technology Project (Grant
Number 201803010040) and Nation Key Clinical Discipline.

Availability of data and materials
The data used and analysed during this study are available from the corre-
sponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Sixth Affiliated Hos-
pital of Sun Yat-Sen University, the Ethics Committee of Sun Yat-sen University
Cancer Center and the Ethics Committee of Fujian Medical University Union
Hospital. The consent was signed by the patients or their families.

Consent for publication
Not applicable.

Competing interests
The authors have declared that they have no competing interests.

Author details

'Guangdong Provincial Key Laboratory of Colorectal and Pelvic Floor
Diseases, Guangdong Institute of Gastroenterology, The Sixth Affiliated
Hospital, Sun Yat-Sen University, No 26, Yuancun Erheng Road, Tianhe District,
Guangzhou 510655, Guangdong, People’s Republic of China. 2Department

of Gastric Surgery, The Sixth Affiliated Hospital, Sun Yat-Sen University, Guang-
zhou 510655, People’s Republic of China. *Department of Gastric Surgery, Sun
Yat-Sen University Cancer Center, State Key Laboratory of Oncology in South
China, Collaborative Innovation Center for Cancer Medicine, Guangzhou,
People’s Republic of China. “Department of Gastric Surgery, Fujian Medical
University Union Hospital, No. 29 Xinquan Road, Fuzhou 350001, People’s
Republic of China.

Received: 9 January 2021 Accepted: 20 September 2021
Published online: 07 October 2021

References

1. Sitarz R, Skierucha M, Mielko J, Offerhaus GJA, Maciejewski R, Polkowski
WP, Gastric cancer: epidemiology, prevention, classification, and treat-
ment. Cancer Manag Res. 2018;10:239-48.

2. Fock KM. Review article: the epidemiology and prevention of gastric
cancer. Aliment Pharmacol Ther. 2014;40(3):250-60.



Deng et al. BMC Gastroenterol

(2021) 21:363

Sano T. Gastric cancer: Asia and the world. Gastric Cancer. 2017;20(Suppl
1):1-2.

Wang F-H, Shen L, Li J, Zhou Z-W, Liang H, Zhang X-T, Tang L, Xin Y, Jin J,
Zhang Y-J, et al. The Chinese Society of Clinical Oncology (CSCO): clinical
guidelines for the diagnosis and treatment of gastric cancer. Cancer
Commun (Lond). 2019;39(1):10-10.

Sasako M, Sakuramoto S, Katai H, Kinoshita T, Furukawa H, Yamaguchi

T, Nashimoto A, Fujii M, Nakajima T, Ohashi Y. Five-year outcomes of

a randomized phase Il trial comparing adjuvant chemotherapy with

S-1 versus surgery alone in stage Il or Il gastric cancer. J Clin Oncol.
2011;29(33):4387-93.

Noh SH, Park SR, Yang H-K, Chung HC, Chung I-J, Kim S-W, Kim H-H, Choi
J-H, Kim H-K, Yu W, et al. Adjuvant capecitabine plus oxaliplatin for gastric
cancer after D2 gastrectomy (CLASSIC): 5-year follow-up of an open-label,
randomised phase 3 trial. Lancet Oncol. 2014;15(12):1389-96.

Bang YJ, Kim YW, Yang H-K, Chung HC, Park Y-K, Lee KH, Lee K-W, Kim

YH, Noh S-I, Cho JY, Mok YJ, et al. Adjuvant capecitabine and oxaliplatin
for gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label,
randomised controlled trial. Lancet. 2012;379:315-21.

Jiang V, LiT, Liang X, Hu Y, Huang L, Liao Z, Zhao L, Han Z, Zhu S, Wang M,
et al. Association of adjuvant chemotherapy with survival in patients with
stage Il or lll gastric cancer. JAMA Surg. 2017;152(7):e171087-e171087.
Choi YY, Cheong J-H. Comment on “To treat, or not to treat, that is the
question: biomarker-guided adjuvant chemotherapy for stage Il and Il
gastric cancer” Ann Surg. 2019;270(2):e40-1.

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global
cancer statistics, 2012. CA Cancer J Clin. 2015;65:87-108.

. Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes NC, Stemmer-

mann GN, Haller DG, Ajani JA, Gunderson LL, Jessup JM, Martenson JA,
et al. Chemoradiotherapy after surgery compared with surgery alone for
adenocarcinoma of the stomach or gastroesophageal junction. New Engl
J Med. 2001;345:725-30.

Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJH,
Nicolson M, Scarffe JH, Lofts FJ, Falk SJ, Iveson TJ, Smith DB, et al. Periop-
erative chemotherapy versus surgery alone for resectable gastroesopha-
geal cancer. New Engl J Med. 2006;355:11-20.

Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M, Nashimoto A,
Furukawa H, Nakajima T, Ohashi Y, Imamura H, Higashino M, et al. Adju-
vant chemotherapy for gastric cancer with S-1, an oral fluoropyrimidine.
New Engl J Med. 2007;357:1810-20.

Yoshikawa T, Terashima M, Mizusawa J, Nunobe S, Nishida Y, Yamada

T, Kaji M, Fukushima N, Hato S, Choda Y, et al. Four courses versus

eight courses of adjuvant S-1 for patients with stage Il gastric cancer
(JCOG1104 [OPAS-1]): an open-label, phase 3, non-inferiority, randomised
trial. Lancet Gastroenterol Hepatol. 2019;4(3):208-16.

Sasako M, Inoue M, Lin J-T, Khor C, Yang H-K, Ohtsu A. Gastric Cancer
Working Group report. Jpn J Clin Oncol. 2010;40:i28-37.

Japanese Gastric Cancer A. Japanese gastric cancer treatment guidelines
2014 (ver. 4). Gastric Cancer. 2017;20(1):1-19.

Nakajima T, Nashimoto A, Kitamura M, Kito T, Iwanaga T, Okabayashi K,
Goto M. Adjuvant mitomycin and fluorouracil followed by oral uracil

plus tegafur in serosa-negative gastric cancer: a randomised trial. Gastric
Cancer Surgical Study Group. Lancet. 1999;354:273-7.

Yura M, Yoshikawa TA-O, Otsuki S, Yamagata Y, Morita S, Katai H, Nishida
T.1s surgery alone sufficient for treating T1 gastric cancer with extensive
lymph node metastases? Gastric Cancer. 2020;23:349-55.

Nashimoto A, Nakajima T, Furukawa H, Kitamura M, Kinoshita T, Yama-
mura Y, Sasako M, Kunii Y, Motohashi H, Yamamoto S. Randomized trial of
adjuvant chemotherapy with mitomycin, Fluorouracil, and Cytosine ara-
binoside followed by oral Fluorouracil in serosa-negative gastric cancer:
Japan Clinical Oncology Group 9206-1. J Clin Oncol. 2003;21:2282-7.

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 9 of 9

Xiao H, Zhou H, Zhang P, Xiao H, Liu K, Chen X, Quan H, Yin B, Li R, Huang
G, et al. Association among the prognostic nutritional index, completion
of adjuvant chemotherapy, and cancer-specific survival after curative
resection of stage II/Ill gastric cancer. Eur J Clin Nutr. 2019. https://doi.org/
10.1038/541430-41019-40502-41431.

Jiang Y, Zhang Q, Hu'Y, LiT,Yu J, Zhao L, Ye G, Deng H, Mou T, Cai S, et al.
ImmunoScore signature: a prognostic and predictive tool in gastric
cancer. Ann Surg. 2018;267(3):504-13.

Lin J-X, Lin J-P, Xie J-W, Wang J-B, Lu J, Chen Q-Y, Cao L-L, Lin M, Tu R,
Zheng C-H, et al. Preoperative hematocrit (HCT) is a novel and simple
predictive marker for gastric cancer patients who underwent radical
gastrectomy. Ann Surg Oncol. 2019;26(12):4027-36.

Ghidini M, Donida BM, Totaro L, Ratti M, Pizzo C, Benzoni |, Lomiento D,
Aldighieri F, Toppo L, RanieriV, et al. Prognostic factors associated with
survival in a large cohort of gastric cancer patients resected over a dec-
ade at a single Italian center: the Cremona experience. Clin Transl Oncol.
2019. https://doi.org/10.1007/512094-12019-02220-w.

Ding P, Gao Z, Zheng C, Chen J, Li K, Gao SA-O. Risk evaluation of splenic
hilar or splenic artery lymph node metastasis and survival analysis for
patients with proximal gastric cancer after curative gastrectomy: a retro-
spective study. BMC Cancer. 2019;19:1-10.

Sano T, Coit DG, Kim HH, Roviello F, Kassab P, Wittekind C, Yamamoto Y,
OhashiY. Proposal of a new stage grouping of gastric cancer for TNM
classification: International Gastric Cancer Association staging project.
Gastric Cancer. 2017;20(2):217-25.

Warneke VS, Behrens HM, Hartmann JT, Held H, Becker T, Schwarz NT,
Roécken C. Cohort study based on the seventh edition of the TNM classifi-
cation for gastric cancer: proposal of a new staging system. J Clin Oncol.
2011;29:2364-71.

Huang Z-N, Desiderio J, Chen Q-Y, Zheng C-H, Li P, Xie J-W, Wang J-B, Lin
J-X, Lu J, Cao L-L, et al. Indications for adjuvant chemotherapy in patients
with AJCC stage lla T3ANOMO and TIN2MO gastric cancer-an east and west
multicenter study. BMC Gastroenterol. 2019;19(1):205-205.

Nelen SD, Verhoeven RHA, Lemmens VEPP, de Wilt JHW, Bosscha K.
Increasing survival gap between young and elderly gastric cancer
patients. Gastric Cancer. 2017;20(6):919-28.

Aoyama T, Yoshikawa T, Fujikawa H, Hayashi T, Ogata T, Cho H, Yamada

T, Hasegawa S, Tsuchida K, Yukawa N, et al. Prognostic factors in stage 1B
gastric cancer. World J Gastroenterol. 2014;20(21):6580-5.

Piso P, Werner U, Lang H, Mirena P, Klempnauer J. Proximal versus

distal gastric carcinoma—what are the differences? Ann Surg Oncol.
2000;7(7):520-5.

lkoma N, Agnes A, Chen H-C, Wang X, Blum MM, Das P, Minsky B,

Estrella JS, Mansfield P, Ajani JA, et al. Linitis plastica: a distinct type

of gastric cancer. J Gastrointest Surg. 2019. https://doi.org/10.1007/
s11605-11019-04422-11607.

Zhao LY, Zhang WH, Chen X-Z, Yang K, Chen X-L, Liu K, Zhang B, Chen Z-X,
Chen J-P, Zhou Z-G, Hu J-K; et al. Prognostic significance of tumor size in
2405 patients with gastric cancer: a retrospective cohort study. Medicine.
2015;94:€2288.

Shiraishi N, Inomata M, Osawa N, Yasuda K, Adachi Y, Kitano S. Early and
late recurrence after gastrectomy for gastric carcinoma. Univariate and
multivariate analyses. Cancer. 2000;89:255-61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1038/s41430-41019-40502-41431
https://doi.org/10.1038/s41430-41019-40502-41431
https://doi.org/10.1007/s12094-12019-02220-w
https://doi.org/10.1007/s11605-11019-04422-11607
https://doi.org/10.1007/s11605-11019-04422-11607

	Survival analysis of stage II gastric cancer patients after D2 gastrectomy: a Chinese people-based research
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Patients
	Variables
	Statistical analysis
	Propensity score matching

	Result
	Patient characteristics
	Univariate survival analysis
	Multivariate Cox regression analyses

	Discussion
	Conclusion
	Acknowledgements
	References


