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Purpose: This study aimed to investigate the effectiveness of postoperative chemotherapy in pT1bN0 and pT2N0 gastric cancer 
patients with high risk factors.
Materials and Methods: Clinicopathological data of gastric cancer patients, who had undergone gastrectomy in high volume 
centers in Korea and China and were finally diagnosed with pT1bN0 and pT2N0 between 2006 and 2010, were analyzed retro-
spectively. Survival analyses stratified by risk factors and multivariable analyses were performed.  
Results: A total of 1509 patients were enrolled, with 41 (2.7%) patients receiving adjuvant chemotherapy after gastrectomy and 
1468 (97.3%) patients undergoing surgery alone. The adjuvant chemotherapy group showed higher percentages of tumor with 
maximal diameter >3 cm (51.2% vs. 25.8%), poor differentiation (68.3% vs. 49.8%), and less harvested lymph nodes (17.1% vs. 
5.2%) compared to the surgery alone group. The overall survival rates were 95.1% in the adjuvant chemotherapy group and 93.3% 
in the surgery alone group, without significant difference. In multivariable analysis, age was found to be an independent prognos-
tic factor. However, there were no difference in the overall survival between patients with risk factors and those without risk fac-
tors, even in terms of age. Meanwhile, patients with more than two risk factors who received chemotherapy showed better surviv-
al trend, especially for pT2N0 patients, compared to the surgery alone group, although no significant differences were observed.
Conclusion: In pT1bN0 and pT2N0 patients, age was found to be an independent prognostic factor. However, adjuvant chemo-
therapy seemed to be unnecessary, while postoperative chemotherapy might offer survival benefits to pT2N0 patients with more 
than two risk factors. 
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INTRODUCTION

Although the incidence and cancer death rate of gastric can-
cer have declined dramatically over the past two decades, a 
significant disease burden still remains in Japan, Korea, and 
China.1,2 Due to the improvement in people’s health aware-
ness, as well as the popularization of gastroscopy and the im-
plementation of cancer screening program, the proportion of 
gastric cancer detected at early stage (T1bN0M0 and T2N0M0) 
is increasing, especially in Korea and Japan.3

According to the National Comprehensive Cancer Network 
Guidelines (version 1. 2019, Gastric Cancer), postoperative 
chemotherapy is recommended for patients who have T2 or 
higher, or N+ gastric cancer.4 However, patients with T1bN0M0 
do not require chemotherapy, and patients with T2N0M0 could 
also be followed up regularly without chemotherapy.4 Mean-
while, the Japanese Gastric Cancer Treatment Guidelines 2014 
(version 4) indicate that no chemotherapy is needed for stage I 
patients, including those with T1bN0M0 and T2N0M0.5 The 
reason why adjuvant chemotherapy is not recommended for 
these stages is because previous clinical trials failed to show the 
benefits of adjuvant chemotherapy over surgery alone in 1990s, 
and recent studies that applied adjuvant chemotherapy for 
T1bN±/T2N0 gastric cancer patients showed no statistic differ-
ence between chemotherapy and surgery alone groups.6-9 
However, some doctors still intend to give empirical chemo-
therapy to early stage gastric cancer patients with high risk fac-
tors, since the high risk factors such as younger age, vessel in-
vasion, poor differentiation, and number of harvested lymph 
nodes less than 15 have been identified as independent prog-
nostic factors.10,11 It has been reported that age, submucosal in-
vasion, and differentiation were risk factors of recurrence for 
T1N0 gastric cancer patients with curative gastrectomy, who 
therefore might be potential candidates for adjuvant chemo-
therapy.12,13 A multicenter retrospective analysis demonstrat-
ed significant survival benefits of adjuvant therapy in T2N0 gas-
tric cancer patients with less than 15 harvested lymph nodes.14 A 
Chinese retrospective study also found that adjuvant chemo-
therapy significantly improved the overall survival rate of T2N0 
gastric cancer patients with tumor located in the upper third 
part of the stomach.15 Therefore, the benefits of adjuvant che-
motherapy for these kinds of patients are still uncertain and 
inconsistent. 

Consequently, we conducted an international dual-center 
retrospective analysis to investigate the survival benefits of post-
operative chemotherapy for T1bN0M0 and T2N0M0 gastric 
cancer patients with high risk factors, and attempted to find 
the appropriate candidates to receive adjuvant chemotherapy 
among these patients.

MATERIALS AND METHODS

Patients
Clinicopathological data of 1509 gastric cancer patients, who 
had undergone curative gastrectomy and were finally diag-
nosed as pT1bN0 and pT2N0 from 2006 to 2010 at two institu-
tions (West China Hospital, Sichuan University, China and 
Severance Hospital, Yonsei University Health System, Repub-
lic of Korea), were retrieved from the prospectively designed 
databases and analyzed retrospectively. The diagnosis of gas-
tric adenocarcinoma for all patients was confirmed by upper 
endoscopy and biopsy. Patients with other gastric tumors, such 
as lymphoma, gastrointestinal stromal tumor or adenosqua-
mous carcinoma, previous history of malignancies, or remnant 
gastric cancer were excluded. Those who were treated by en-
doscopic resection or wedge resection were also excluded. The 
West China Hospital Research Ethics Committee approved the 
retrospective analyses of anonymous data from the database 
[IRB No. 2014(215)]. Signed patient informed consent was 
waived due to the retrospective nature of the analysis.

Treatments
Curative total or subtotal gastrectomy with D1, D1+, or D2 
lymphadenectomy for gastric cancer was performed for all pa-
tients according to the Japanese gastric cancer treatment guide-
line.5 Fluoropyrimidine alone or a fluoropyrimidine/platinum-
based regimen was given to the patients. 

 

Definition of risk factors
The risk factors in the present study were defined as follows, 
since these factors have been identified as independent prog-
nostic factors in previous studies:10-15 age <45 years, non-D2 
lymphadenectomy, upper third tumor, maximal diameter of 
the tumor >3 cm, poor differentiation or undifferentiation, 
number of total harvested lymph nodes <15, vessel or nerve in-
volvement, and with postoperative complications.

Outcomes
Patients underwent follow-ups conducted by telephone calls, 
letters, or outpatient visits. Survival status for Korean patients 
was also based on data registered at the Korean National Can-
cer Center. The follow-up information was updated in De-
cember 2014 for Chinese patients and March 2014 for Korean 
patients. The overall follow-up rate was 98.5% (1509/1532). 
The overall survival rate was calculated from the date of opera-
tions until the date of death or the last follow-up. The mean fol-
low-up duration was 69.3±20.3 months in Chinese patients and 
56.2±16.9 months in Korean patients. All terminologies were 
based on the Japanese Classification of Gastric Carcinoma.16 
The prognostic effect of adjuvant chemotherapy was evaluat-
ed by comparing the overall survival of patients with chemo-
therapy to those without chemotherapy. Subgroup analyses 
were performed stratified by the risk factors and institutions. 
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The survival of patients with more than two risk factors who re-
ceived chemotherapy was compared to those without chemo-
therapy as well.

Statistical analysis
Statistical analysis was performed using SPSS version 22.0 for 
Windows (IBM Corp., Armonk, NY, USA). Data was reported 
as mean±standard deviation for continuous variables, or fre-
quency (percentage) for categorical variables. Independent two-
sample t-test, Pearson’s chi-square test (or Fisher's exact test), 
or Spearman’s test was used to compare the differences be-
tween the patients with and without chemotherapy, as appro-
priate. Overall survival curves were analyzed using the Kaplan-
Meier method and compared by log-rank test, with the duration 
of overall survival calculated in months. Multivariable analy-
ses for pT1bN0 and pT2N0 gastric cancer patients were per-
formed using Cox proportional hazards model to identify the 
independent prognostic factors. Considering the fact that the 
p-value might be affected by the related limited sample size in 
the chemotherapy group and the clinical significance of the 
defined risk factors, we included all of the variables to perform 
the multivariable analysis directly. Two-tailed p-value<0.05 was 
considered statistically significant. Since correction for multiple 
testing is recommended when multiple statistical tests are per-
formed on same data, we used the Bonferroni correction to 
compensate for type I error in survival analyses. An adjusted p-
value<0.0028 was considered statistically significant after 
Bonferroni correction.

RESULTS

Patient characteristics
Among the 1509 patients, only 41 (2.7%) patients received ad-
juvant chemotherapy after gastrectomy and 1468 (97.3%) pa-
tients underwent surgery alone. Clinicopathological charac-
teristics of the adjuvant chemotherapy group and surgery 
alone group are summarized in Table 1 (while the clinicopath-
ological characteristics of patients according to institutions are 
also shown in Supplementary Table 1, only online). The adju-
vant chemotherapy group showed higher percentages of tu-
mor with maximal diameter >3 cm (51.2% vs. 25.8%), poor 
differentiation (68.3% vs. 49.8%), and less harvested lymph 
nodes (17.1% vs. 5.2%) compared to the surgery alone group. 

In addition, the adjuvant chemotherapy group had higher 
percentages of D2 lymphadenectomy in pT1bN0 patients 
(57.1% vs. 29.3%) and pT2N0 patients (51.9% vs. 25.1%), respec-
tively, compared to the surgery alone group. Also, more pa-
tients with harvested lymph nodes <15 could be found in the 
adjuvant chemotherapy group for pT1bN0 patients (21.4% vs. 
5.4%) and pT2N0 patients (14.8% vs. 4.6%), respectively, com-
pared to the surgery alone group.

Multivariable analysis for identifying independent 
prognostic factors of patients
Results of multivariable analysis for identifying prognostic pre-
dictive factors are shown in Table 2, and age was proven to be 
an independent prognostic factor for T1b and T2 patients. The 
staging also showed marginal statistical difference (p=0.070) 
as an independent prognostic factor. When stratified by stage, 
age was also a significant prognostic factor in either pT1bN0 pa-
tients or pT2N0 patients (Table 2). Institution was not an inde-
pendent prognostic factor.

Effect of adjuvant chemotherapy on overall survival
Overall survival rates were 95.1% (2 deaths) in the adjuvant che-
motherapy group and 93.3% (99 deaths) in the surgery alone 

Table 1. Clinicopathological Characteristics of Adjuvant Chemotherapy 
Group and Surgery Alone Group

Adjuvant 
chemotherapy,

n (%)

Surgery 
alone,
n (%)

p value

Age (yr) 54.85±11.49 58.74±11.29 0.300
Age (yr) 0.156

<45 8 (19.5) 178 (12.1)
≥45 33 (80.5) 1290 (87.9)

Lymphadenectomy 0.156
Non-D2 20 (48.8) 878 (59.8)
D2 21 (51.2) 590 (40.2)

Tumor location 0.257
Upper 8 (19.5) 224 (15.3)
Middle 5 (12.2) 380 (25.9)
Lower 28 (68.3) 863 (58.8)

Tumor size (cm) <0.001
>3 21 (51.2) 379 (25.8)
≤3 20 (48.8) 1089 (74.2)

Differentiation 0.019
Poor 28 (68.3) 731 (49.8)
Well and moderate 13 (31.7) 737 (50.2)

Total number of harvested lymph nodes 0.001
<15 7 (17.1) 76 (5.2)
≥15 34 (82.9) 1392 (94.8)

Vessel or nerve involvement 0.155
Positive 5 (12.2) 314 (21.4)
Negative 36 (87.8) 1154 (78.6)

Complications 0.251
Yes 3 (7.3) 198 (13.5)
No 38 (92.7) 1270 (86.5)

Stage <0.001
T1b 14 (34.1) 1118 (76.2)
T2 27 (65.9) 350 (23.8)

Country <0.001
China 36 (33.6) 71 (66.4)
Korea 5 (0.4) 1397 (99.6)
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group, without significant difference for the entire patients (p= 
0.335). Among patients with high risk factors, adjuvant che-
motherapy showed no benefit to the 5-year overall survival 
rates, as well as for patients without high risk factors (Table 3). 
Even though age was identified as an independent prognostic 
factor, there were no significant differences in the 5-year over-
all survival rates between the adjuvant chemotherapy group 
and the surgery alone group for patients of age <45 years or ≥45 
years (Table 3, Fig. 1). 

Among pT1bN0 patients and pT2N0 patients, the 5-year over-
all survival rates were 92.9% (1 deaths) and 96.3% (1 deaths) in 
the adjuvant chemotherapy group, and 94.3% (64 deaths) and 
90.0% (35 deaths) in the surgery alone group, respectively, with-
out significant differences (p=0.762 and p=0.196). Similarly, ad-
juvant chemotherapy still could not bring any benefits to pT-
1bN0 patients and pT2N0 patients with risk factors (Table 3). 
Although we found that the 5-year overall survival rates of Ko-

rean pT1bN0 patients who received adjuvant chemotherapy 
(50.0%) were lower than those without chemotherapy (90.4%), 
there was no significance after Bonferroni correction. Moreover, 
there were no statistical differences between the chemotherapy 
group and the surgery alone group in terms of the 5-year over-
all survival rates of the entire Chinese and pT2N0 patients after 
Bonferroni correction.

Although the statistics showed no difference, patients with 
more than two risk factors who received adjuvant chemothera-
py showed notably higher survival rates compared to those 
in the surgery alone group for the entire pT1bN0 or pT2N0 pa-
tients. Especially in the entire Chinese and pT2N0 patients, mar-
ginal statistical differences could be observed (p=0.065 and 
p=0.083, respectively) (Figs. 2–4).

Table 2. Multivariable Analysis for Identifying Independent Prognostic Factors of Patients

Variables
T1b+T2 patients T1b patients T2 patients

HR 95% CI p value HR 95% CI p value HR 95% CI p value
Age (yr) 1.064 1.042–1.086 <0.001 1.066 1.038–1.095 <0.001 1.062 1.026–1.100 0.001 
Chemotherapy 0.370 0.986 0.250 

Yes 0.497 0.108–2.291 1.021 0.107–9.755 0.286 0.034–2.414 
No 1 1 1

Lymphadenectomy 0.743 0.871 0.342 
Non-D2 0.929 0.599–1.442 1.048 0.595–1.845 0.662 0.283–1.551 
D2 1 1 1

Tumor location 0.707 0.376 0.666 
Upper 0.899 0.515–1.569 0.698 0.315–1.547 1.203 0.520–2.781 
Middle and lower third 1 1 1

Tumor size (cm) 0.245 0.071 0.661 
>3 1.284 0.842–1.958 1.617 0.960–2.723 0.858 0.432–1.704 
≤3 1 1 1

Differentiation 0.234 0.722 0.150 
Poor 0.777 0.512–1.177 0.910 0.543–1.527 0.596 0.295–1.207 
Well and moderate 1 1 1

Number of retrieved nodes 0.235 0.248 0.699 
<15 1.522 0.761–3.043 1.649 0.706–3.854 1.285 0.361–4.573 
≥15 1 1 1

Vessel or nerve invasion 0.239 0.136 0.992 
Positive 1.302 0.839–2.020 1.512 0.878–2.604 0.996 0.462–2.147 
Negative 1 1 1

Complications 0.209 0.315 0.463 
Yes 1.365 0.840–2.217 1.375 0.739–2.557 1.349 0.607–2.996 
No 1 1 1

Stage 0.070 
T1b 0.645 0.401–1.036 
T2 1

Country 0.388 0.848 0.131 
Korea 1.373 0.668–2.822 0.884 0.249–3.133 2.128 0.798–5.674
China 1  1   1  

HR, hazard ratio; CI, confidence interval.
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DISCUSSION

Over the last few decades, chemotherapy has been evaluated 
in an attempt to improve the survival outcomes following sur-
gery.17 However, the benefits of adjuvant chemotherapy for 
relatively early gastric cancer (T1bN0M0 and T2N0M0) still re-
main uncertain. Some high risk factors, such as younger age, 
poor differentiation, and number of harvested lymph nodes 
less than 15,10,11 had independent effects on the gastric cancer 
patients’ prognosis. Chemotherapy, which may improve the 
survival rates of patients with these risk factors, was often ad-
ministrated by experience.12-15 As our results showed, patients 
receiving adjuvant chemotherapy were more likely to have larg-
er tumors, poor tumor differentiation, and retrieved lymph 
nodes <15. However, the effectiveness of postoperative che-
motherapy for T1bN0M0 and T2N0M0 gastric cancer patients 
with high risk factors requires more supporting evidence.

In our study, the results of multivariable analysis indicated 
that age was an independent prognostic factor for patients with 

T1bN0M0 and T2N0M0 gastric cancer. These results were 
consistent with previous studies, which also showed that age 
was a significant independent prognostic factor for gastric can-
cer.11,13,18 Some reports indicated that elderly patients had low-
er survival rates than non-elderly patients.11,13,18 In our study, 
early stage patients with younger age (<45 years old) had also 
shown higher survival rates. That might be because the prog-
nosis was extremely good in T1bN0M0 and T2N0M0 patients, 
and the deaths caused by age-related comorbidities were more 
than gastric cancer-related mortality in T1bN0M0 and T2N0M0 
patients.13 However, postoperative chemotherapy offered no 
significant survival benefit for patients, both of younger age 
(<45 years) and older age (≥45 years). Similar findings were 
also shown in the subgroup analysis of pT1bN0 and pT2N0 
patients; a possible reason is that, since the survival rates of 
relative early cancer (pT1bN0 and pT2N0) after curative re-
section were already very high (exceeding 90%), the negative 
prognostic effect of age and the benefit of adjuvant chemo-
therapy could not be reflected. Beside age, the tumor size, dif-

Table 3. Five-Year Overall Survival of Patients With or Without Risk Factors

Risk factors
T1b+T2 patients (n=1509) T1b patients (n=1132) T2 patients (n=377)

Adjuvant 
chemotherapy

Surgery 
alone

p value
Adjuvant 

chemotherapy
Surgery 
alone

p value
Adjuvant 

chemotherapy
Surgery 
alone

p value

Age (yr)
<45 100�� 98.3 (3) 0.594 100�� 97.7 (3) 0.723 100�� 100�� -
≥45 93.9 (2) 92.6 (96) 0.496 91.7 (1) 93.8 (61) 0.844 95.2 (1) 88.5 (35) 0.296

Lymphadenectomy
Non-D2 95 (1) 93.7 (55) 0.572 100�� 93.9 (48) 0.371 92.9 (1) 92.0 (7) 0.840
D2 95.2 (1) 92.5 (44) 0.416 87.5 (1) 95.1 (16) 0.427 100�� 89.3 (28) 0.150

Tumor location
Upper third 100�� 93.9 (15) 0.415 - 95.5 (7) - 100�� 88.1 (8) 0.289
Middle and lower third 93.9 (2) 93.2 (84) 0.511 92.9 (1) 94.1 (57) 0.730 94.7 (1) 90.5 (27) 0.439

Tumor size (cm)
>3 95.2 (1) 90.8 (35) 0.290 83.3 (1) 91.4 (21) 0.903 100�� 89.6 (14) 0.164
≤3 95.0 (1) 94.1 (64) 0.660 100�� 95.1 (43) 0.456 91.7 (1) 90.2 (21) 0.687

Differentiation
Poor 96.4 (1) 94.5 (40) 0.432 100�� 95.5 (23) 0.432 94.7 (1) 92.2 (17) 0.542
Well and moderate 92.3 (1) 92.0 (59) 0.754 80.0 (1) 93.2 (41) 0.472 100�� 86.3 (18) 0.223

Number of retrieved nodes
<15 100�� 86.8 (10) 0.282 100�� 88.3 (7) 0.466 100�� 81.3 (3) 0.409
≥15 94.1 (2) 93.6 (89) 0.559 90.9 (1) 94.6 (57) 0.990 95.7 (1) 90.4 (32) 0.306

Vessel or nerve invasion
Positive 100�� 90.8 (29) 0.270 100�� 90.9 (19) 0.518 100�� 90.6 (10) 0.383
Negative 94.4 (2) 93.9 (70) 0.669 91.7 (1) 95.1 (45) 0.924 95.8 (1) 89.8 (25) 0.303

Complications
Yes 100�� 88.9 (22) 0.610 100�� 91.3 (13) 0.792 100�� 81.3 (9) 0.596
No 94.7 (2) 93.9 (77) 0.446 92.3 (1) 94.7 (51) 0.804 96.0 (1) 91.4 (26) 0.312

Country
Korea 80.0 (26) 93.7 (88) 0.340 50.0 (1) 94.4 (60) 0.018 100�� 91.3 (28) 0.600
China 97.2 (1) 84.5 (11) 0.060 100�� 90.2 (4) 0.237 95.8 (1) 76.7 (7) 0.059

The number in the parenthesis refers to the number of death in each subgroup.
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ferentiation, and vascular invasion were also identified as in-
dependent predictive factors in early gastric cancer without 
lymph nodes metastasis.13,19,20 However, they were not select-
ed as independent prognostic factors in our study, since cura-
tive surgery alone yielded extreme high survival rate.

Regarding the survival benefits of adjuvant chemotherapy 
for pT1bN0 and pT2N0 patients, adjuvant chemotherapy did 
not show survival benefits for patients with or without high 
risk factors in our study. Our results have been supported by 
other studies. Some studies found that there was no overall 
survival benefit of perioperative chemotherapy for clinically 
staged T2N0 gastric adenocarcinoma compared to surgery 

alone.7 Therefore, chemotherapy was unnecessary in T2N0 
patients after curative gastrectomy for gastric cancer.9 A large 
cohort of patients with early stage gastric cancer suggested that 
adjuvant systemic or locoregional therapies should be avoided 
in adequately staged node-negative and/or stage IB patients.21 
Even in pT1N1 gastric cancer patients, adjuvant chemotherapy 
did not show any survival benefits.8 However, controversy still 
remained. Liu, et al.22 reported that adjuvant chemotherapy 
could significantly improve the overall survival of T2N0 gastric 
cancer patients. Du, et al.23 constructed a prognostic risk mod-
el of patients with pT2N0 gastric cancer undergoing radical re-
section, and they recommended adjuvant chemotherapy to 
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Fig. 1. Survival analyses for patients of age <45 years and age ≥45 years who received postoperative chemotherapy and surgery alone. A: Age <45 
years. B: Age ≥45 years.
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alone. A: All patients. B: Chinese patients.
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patients with vessel invasion, tumor diameter >3 cm, and peri-
neural invasion. In, et al.14 demonstrated that the overall sur-
vival benefits of adjuvant chemoradiation could be found in 
T2N0 gastric cancer patients with <15 lymph nodes examined, 
rather than the patients who had ≥15 lymph nodes examined. 
However, we should consider the fact that the 5-year survival 
rates of T2N0 patients with risk factors who underwent sur-
gery alone in the aforementioned studies only ranged from 
50% to 60%, which might partly explain the benefits of adju-
vant chemotherapy for T2N0 gastric cancer patients after cu-
rative resection. On the other hand, adjuvant chemotherapy 
seemed to be unnecessary in our study, as curative surgery 

alone has already shown very satisfying survival outcomes.6 
Therefore, the status of adjuvant chemotherapy has not been 
identified as an independent prognostic factor for pT1bN0 and 
pT2N0 patients in our study. In addition, our survival analyses 
showed that the survival rates of patients with risk factors were 
higher compared to those without risk factors, which could 
also indirectly reflect staging as the most important prognos-
tic determinant that could veil the negative prognostic effect 
of risk factors and the benefits of adjuvant chemotherapy.

Considering the fact that almost 90% of patients who re-
ceived chemotherapy were from China in this study, the results 
may have been affected by the differences between institutions. 
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Fig. 3. Survival analyses for pT1bN0 patients with more than two risk factors who received postoperative chemotherapy and surgery alone. A: All pa-
tients. B: Chinese patients.

Fig. 4. Survival analyses for pT2N0 patients with more than two risk factors who received postoperative chemotherapy and surgery alone. A: All pa-
tients. B: Chinese patients.
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Therefore, we included the institutions as a confounding vari-
able while performing Cox regression analysis. However, we 
found that the institution itself was not an independent prog-
nostic factor, and that it had no impact on the overall survival 
of patients. In addition, we performed survival analysis strati-
fied by the institutions. Although we found that the 5-year 
overall survival rates of Korean pT1bN0 patients who received 
adjuvant chemotherapy were lower compared to those without 
chemotherapy, there was no significant difference after Bonfer-
roni correction. Also, this result might have been caused by 
sampling error, since only two patients received chemothera-
py. Although there were no statistical difference after Bonfer-
roni correction, the 5-year overall survival rates of the entire 
Chinese and pT2N0 patients seemed more favorable in the 
chemotherapy group than in the surgery alone group, corre-
sponding to the better survival trends for the entire Chinese 
and pT2N0 patients with more than two risk factors who re-
ceived adjuvant chemotherapy (p=0.065 and p=0.083, respec-
tively). This result might indicate that the adjuvant chemo-
therapy would bring survival benefits to the patients with 
more than two risk factors; and this should be confirmed in 
prospective studies.

This study had some limitations. Firstly, selection bias, de-
tection bias, and performance of analysis bias could exist in 
any retrospective studies. Therefore, our results might be bi-
ased and need to be further confirmed through more research, 
especially in well-designed prospective controlled trials. Sec-
ondly, since our data were collected from only two Asian insti-
tutions, they may not well represent Western patients. There-
fore, a lot of caution is required when applying our results to 
Western patients. Thirdly, the number of patients who received 
chemotherapy in our study was small, and the rate of adjuvant 
chemotherapy was unexpectedly higher in Chinese patients, 
which could lead to possible bias. Due to the little evidence 
supporting the necessity of adjuvant chemotherapy after cu-
rative gastrectomy during the study period, as well as the fact 
that adjuvant chemotherapy was not recommended to the 
pT1bN0 and pT2N0 patients by the guidelines at that time, 
only a few patients with curative surgery were given chemo-
therapy, especially in Korea. On the other hand, an insufficient 
amount of lymphadenectomy was performed in Chinese hos-
pitals during the study period. Our previous published article 
indicated that less than 50% of Chinese patients with stages II 
and III gastric cancer had undergone D2 lymphadenectomy, 
whereas more than 80% of Korean patients with the same stag-
es underwent this procedure.24 Similar results were found in 
the present study, which showed a higher percentage of pa-
tients with standardized D2 lymphadenectomy in Korea for 
T2N0 patients. This was also the reason why the Chinese doc-
tors more actively performed chemotherapy for such patients, 
especially for those with risk factors. As a result, the rate of ad-
juvant chemotherapy was unexpectedly higher in Chinese 
patients than in Korean patients. Considering to the issue, we 

performed multivariable analysis to adjust the effectiveness of 
postoperative chemotherapy. In addition, we also performed 
subgroup analysis stratified by the institutions to investigate 
the survival benefits of adjuvant chemotherapy in different 
countries. Lastly, the sample size of patients who received flu-
oropyrimidine and platinum chemotherapy regimen was only 
6, which was too small to be used for survival analysis; there-
fore, we did not compare the survival differences between dif-
ferent chemotherapy regimens. 

In conclusion, age was found to be an independent prog-
nostic factor for pT1bN0 and pT2N0 patients. However, there 
were no differences in the overall survival between patients 
with risk factors and patients without risk factors, even in terms 
of age. Moreover, postoperative chemotherapy might bring 
survival benefits to pT2N0 patients with more than two risk 
factors. 

ACKNOWLEDGEMENTS

This work was internally supported by the Volunteer Team of 
Gastric Cancer Surgery (VOLTGA), West China Hospital, Sich-
uan University, PR China. The authors would like to thank 
Galiullin Danil (Department of Gastrointestinal Surgery, West 
China Hospital, Sichuan University), a native English speaker, 
for editing the English language in this manuscript.

Domestic support from 1) National Natural Science Foun-
dation of China (No. 81772547); 2) Fundamental Research 
Funds for the Central Universities (No. 2017SCU04A18); 3) 
Young Scientific and Academic Leaders Training Program of 
Sichuan University (No. 0082604151001/035); 4) Foundation 
of Science & Technology Department of Sichuan Province (No. 
2019YFS0256); 5) 1. 3. 5 Project for Disciplines of Excellence, 
West China Hospital, Sichuan University (No. ZY2017304).

AUTHOR CONTRIBUTIONS

Conceptualization: Kun Yang, Sung Hoon Noh, and Jian-Kun Hu.  
Data curation: Kun Yang, Mo-Xi Chen, Yoon Young Choi, Zong-Guang 
Zhou, and Woo Jin Hyung. Formal analysis: Kun Yang and Mo-Xi 
Chen. Funding acquisition: Kun Yang and Jian-Kun Hu. Investigation: 
Kun Yang, Mo-Xi Chen, Sung Hoon Noh, and Jian-Kun Hu. Methodol-
ogy: Kun Yang, Mo-Xi Chen, and Yoon Young Choi. Project adminis-
tration: Zong-Guang Zhou, Woo Jin Hyung, Sung Hoon Noh, and Jian-
Kun Hu. Resources: Zong-Guang Zhou, Woo Jin Hyung, Sung Hoon 
Noh, and Jian-Kun Hu. Software: Kun Yang and Mo-Xi Chen.  Super-
vision: Zong-Guang Zhou, Woo Jin Hyung, Sung Hoon Noh, and Jian-
Kun Hu. Validation: all authors. Visualization: Kun Yang and Mo-Xi 
Chen. Writing—original draft: Kun Yang and Mo-Xi Chen. Writing—
review & editing: Kun Yang, Sung Hoon Noh, and Jian-Kun Hu. Ap-
proval of final manuscript: all authors.

ORCID iDs

Kun Yang https://orcid.org/0000-0002-8891-5736
Mo-Xi Chen https://orcid.org/0000-0002-4455-7623



117

Kun Yang, et al.

https://doi.org/10.3349/ymj.2021.62.2.109

Yoon Young Choi https://orcid.org/0000-0002-2179-7851
Zong-Guang Zhou https://orcid.org/0000-0002-7616-1199
Woo Jin Hyung https://orcid.org/0000-0002-8593-9214
Sung Hoon Noh https://orcid.org/0000-0003-4386-6886
Jian-Kun Hu https://orcid.org/0000-0002-3294-3471

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 
Global cancer statistics 2018: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA Can-
cer J Clin 2018;68:394-424.

2. Balakrishnan M, George R, Sharma A, Graham DY. Changing 
trends in stomach cancer throughout the world. Curr Gastroen-
terol Rep 2017;19:36.

3. Lee SY, Yoshida N, Dohi O, Lee SP, Ichikawa D, Kim JH, et al. Dif-
ferences in prevalence of lymphovascular invasion among early 
gastric cancers between Korea and Japan. Gut Liver 2017;11:383-91.

4. National Comprehensive Cancer Network. NCCN clinical prac-
tice guidelines in oncology (NCCN Guidelines®): gastric cancer 
(version 1.2019) [accessed on 2019 March 14]. Available at: www.
nccn.org/professionals/physician_gls/PDF/gastric.pdf. 

5. Japanese Gastric Cancer Association. Japanese gastric cancer treat-
ment guidelines 2014 (ver. 4). Gastric Cancer 2017;20:1-19.

6. Nakajima T, Nashimoto A, Kitamura M, Kito T, Iwanaga T, Oka-
bayashi K, et al. Adjuvant mitomycin and fluorouracil followed by 
oral uracil plus tegafur in serosa-negative gastric cancer: a ran-
domised trial. Gastric Cancer Surgical Study Group. Lancet 1999; 
354:273-7.

7. Gabriel E, Attwood K, Narayanan S, Brady M, Nurkin S, Hochwald 
S, et al. Does neoadjuvant/perioperative chemotherapy improve 
overall survival for T2N0 gastric adenocarcinoma? J Surg Oncol 
2018;117:659-70.

8. Kim SM, An JY, Lee J, Sohn TS, Kim S. Adjuvant chemotherapy 
versus chemoradiotherapy versus surgery alone for early gastric 
cancer with one or two lymph node metastasis. Ann Surg Oncol 
2018;25:1616-24.

9. Abe S, Yoshimura H, Nagaoka S, Monden N, Kinugasa S, Nagasue 
N, et al. Long-term results of operation for carcinoma of the stom-
ach in T1/T2 stages: critical evaluation of the concept of early car-
cinoma of the stomach. J Am Coll Surg 1995;181:389-96.

10. Youn HG, An JY, Choi MG, Noh JH, Sohn TS, Kim S. Recurrence af-
ter curative resection of early gastric cancer. Ann Surg Oncol 2010; 
17:448-54.

11. Suzuki S, Kosugi S, Kuwabara S, Ueki K, Oka Y, Nishimaki T, et al. 
Tumor recurrence in patients with early gastric cancer: a clinico-

pathologic evaluation. J Exp Clin Cancer Res 1998;17:187-91.
12. Kim JW, Hwang I, Kim MJ, Jang SJ. Clinicopathological character-

istics and predictive markers of early gastric cancer with recur-
rence. J Korean Med Sci 2009;24:1158-64.

13. Kunisaki C, Shimada H, Nomura M, Matsuda G, Otsuka Y, Ono H, 
et al. Therapeutic strategy for patients with pN0 gastric carcino-
ma. J Surg Oncol 2006;94:212-9.

14. In H, Kantor O, Sharpe SM, Baker MS, Talamonti MS, Posner MC. 
Adjuvant therapy improves survival for T2N0 gastric cancer pa-
tients with sub-optimal lymphadenectomy. Ann Surg Oncol 2016; 
23:1956-62.

15. Wang Z, Yan J, Hu W, Zhang J, Huo B. Adjuvant chemotherapy 
provided survival benefit for stage T2N0 gastric cancer with high-
risk factors. Neoplasma 2018;65:592-8.

16. Japanese Gastric Cancer Association. Japanese classification of 
gastric carcinoma: 3rd English edition. Gastric Cancer 2011;14: 
101-12.

17. Harada K, Mizrak Kaya D, Shimodaira Y, Ajani JA. Global chemo-
therapy development for gastric cancer. Gastric Cancer 2017;20: 
92-101.

18. Tokunaga M, Ito S, Yoshikawa T, Nunobe S, Fukagawa T, Misawa K, 
et al. Prognostic factors for survival in patients with pT1 N+ or T2-3 
N0 gastric cancer in Japan. Br J Surg 2017;104:885-90.

19. Saito H, Murakami Y, Miyatani K, Kuroda H, Matsunaga T, Fuku-
moto Y, et al. Predictive factors for recurrence in T2N0 and T3N0 
gastric cancer patients. Langenbecks Arch Surg 2016;401:823-8.

20. Kang WM, Meng QB, Yu JC, Ma ZQ, Li ZT. Factors associated with 
early recurrence after curative surgery for gastric cancer. World J 
Gastroenterol 2015;21:5934-40.

21. Datta J, McMillan MT, Ruffolo L, Lowenfeld L, Mamtani R, Plasta-
ras JP, et al. Multimodality therapy improves survival in resected 
early stage gastric cancer in the United States. Ann Surg Oncol 
2016;23:2936-45.

22. Liu D, Wang X, Hu X, Wang J, Li L, Jiang Q, et al. Potential benefit 
of adjuvant chemotherapy in T2N0 gastric cancer after radical re-
section without residual disease (R0). Int J Clin Exp Med 2018; 
11:11009-15.

23. Du C, Zhou Y, Huang K, Zhao G, Fu H, Shi Y. Defining a high-risk 
subgroup of pathological T2N0 gastric cancer by prognostic risk 
stratification for adjuvant therapy. J Gastrointest Surg 2011;15: 
2153-8.

24. Yang K, Choi YY, Zhang WH, Chen XZ, Song MK, Lee J, et al. Strat-
egies to improve treatment outcome in gastric cancer: a retrospec-
tive analysis of patients from two high-volume hospitals in Korea 
and China. Oncotarget 2016;7:44660-75. 

http://www.nccn.org/professionals/physician_gls/PDF/gastric.pdf
http://www.nccn.org/professionals/physician_gls/PDF/gastric.pdf



