
Vol.:(0123456789)1 3

Clinical and Translational Oncology (2019) 21:1499–1509 
https://doi.org/10.1007/s12094-019-02078-y

RESEARCH ARTICLE

Implication of lymph node staging in migration and different 
treatment strategies for stage T2N0M0 and T1N1M0 resected gastric 
cancer: a SEER population analysis

Y. Wang1   · J. Zhang1   · S. Guo1   · Z. Dong1   · X. Meng1 · G. Zheng1 · D. Yang1 · Z. Zheng1   · Y. Zhao1 

Received: 8 December 2018 / Accepted: 28 February 2019 / Published online: 22 March 2019 
© The Author(s) 2019

Abstract
Purpose  The purpose of this study was to explore the differences between stage T2N0M0 and stage T1N1M0 gastric cancer 
(GC) and to identify the necessity of adjuvant treatment (AT) for these stages.
Methods  Between years 2004 and 2015, 1971 stage IB GC patients who underwent radical surgery were recruited using the 
Surveillance, Epidemiology and End Results database. We conducted univariate/multivariate analyses, the propensity score 
matching and evaluated gastric cancer-specific survival (GCSS) and overall survival (OS) with the log-rank test.
Results  T1N1M0 had a significantly worse survival than T2N0M0 in both GCSS and OS before and after the propensity score 
matching. Examined lymph nodes (ELN) ≤ 15 and T1N1M0 were independent risk factors for worse GCSS and OS in stage IB 
GC. The absence of adjuvant chemotherapy (CT) was an independent risk factor for worse GCSS and OS in T1N1M0 but not 
in T2N0M0. AT demonstrated similar GCSS and OS with surgery alone (SA) for T2N0M0 but better survival for T1N1M0. 
Compared to CT and adjuvant chemoradiotherapy (CRT) group, SA demonstrated significantly worse GCSS and OS for 
T1N1M0. There was no significant difference between CT and CRT in both T2N0M0 and T1N1M0 stages. T2N0M0 had a 
better survival than T1N1M0 in ELN ≤ 15 subgroup. However, similar survival was demonstrated in ELN > 15 subgroup.
Conclusions  T2N0M0 GC has a better survival rate than T1N1M0 GC when ELN are ≤ 15. Moreover, T2N0M0 GC may 
not benefit from AT. T1N1M0 GC requires CT but not adjuvant radiotherapy.

Keywords  T2N0M0 · T1N1M0 · Gastric cancer · Adjuvant treatment · Examined lymph nodes · Surveillance, 
epidemiology and end results

Introduction

Gastric cancer (GC) is the fourth leading cause of can-
cer-related death worldwide [1]. Gastric cancer patients, 
survival can be predicted based on the 8th edition of the 

American Joint Committee on Cancer (AJCC) tumor–lymph 
node–metastasis (TNM) classification, which provides 
important prognostic instruction for further treatment [2]. 
According to the National Comprehensive Cancer Network 
(NCCN), adjuvant chemotherapy (CT) is recommended for 
stage T1N1M0 (invading the mucosa or submucosa, having 
1 or 2 positive lymph nodes and no distant metastasis) GC 
after the curative resection [3]. On the other hand, while 
CT is not recommended for all stage T2N0M0 (invading 
the muscularis propria and having no positive lymph node 
and no distant metastasis) patients, it is recommended for 
high-risk patients with poorly differentiated or higher-grade 
cancer, lymphatic and/or blood vessel invasion, perineural 
invasion, or who are under 50 years of age. According to the 
Japanese Gastric Cancer Treatment Guidelines, observation 
alone is recommended without any adjuvant treatment (AT) 
after curative resection for both T1N1M0 and T2N0M0 GC 
[4]. Currently, two main randomized controlled trial (RCT) 
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studies exist for AT, ACTS-GC trial [5] (included stage II-III 
GC) and CLASSIC trial [6] (including stage II-IIIB GC) in 
Asia. However, these studies do not address whether stage 
IB GC patients would benefit from AT following surgery. 
Thus, unlike stage II–III GC, there is no consensus on using 
AT for stage IB GC.

Kwon et al. reported a small gap in the 5-year survival 
between stage IB and IA GC [7]. Previous studies have 
found an overlapping survival curve between stage IB and 
stage IIA GC using the 7th/8th edition AJCC staging sys-
tem [8–10]. Furthermore, Gold et at reported significantly 
different disease-specific survival at 5 years between stage 
T1N1M0 GC and stage T2N0M0 GC which are both stage 
IB GC [11]. In contrast, other reports demonstrated no dif-
ferences in survival between the two subgroups [12–15]. 
Few reports exist on stage migration and treatment strate-
gies of stage IB GC and the prognostic factors of stage IB 
remain unclear. If the similar prognosis of stages T2N0M0 
and T1N1M0 were confirmed, some patients may ben-
efit from sparing of treatment-induced toxicity. If a worse 
prognosis of the T2N0M0 stage is confirmed, AT would be 
recommended.

The primary aim of this study was to explore the differ-
ences between the stages T2N0M0 and T1N1M0 GC and to 
identify the necessity of AT in each stage using the Surveil-
lance, Epidemiology and End Results (SEER) database.

Materials and methods

Patients selection

The data were derived from the SEER database of the US 
National Cancer Institute [SEER 18 Regs Custom Data (with 
additional treatment fields), Nov 2017 sub (1973–2015 vary-
ing)]. We identified eligible patients according to the inclu-
sion criteria as follows: (1) All patients were diagnosed 
with stomach cancer from 2004 to 2015 by histopathologi-
cal examination; (2) Pathologic confirmation was adeno-
carcinoma, mucin-producing adenocarcinoma, mucinous 
cyst-denocarcinoma, signet ring cell carcinoma, papillary 
adenocarcinoma, tubular adenocarcinoma, adenocarcinoma 
intestinal type, carcinoma diffuse type, adenocarcinoma with 
mixed type; (3) No distant metastasis; (4) The 6th edition 
AJCC stage was T1N1MO and T2aN0M0. Because all the 
patients included for this paper in SEER database were sur-
gery performed, thus the TNM stage indicated pathological 
stage, i.e., pTNM stage.

The exclusion criteria were as follows: (1) patients sur-
vived < 1 month after surgery or survival was unknown; 
(2) Not receiving surgery or unknown if surgery performed; 
(3) Regional nodes examined were none or unknown; (4) 
Regional nodes positive were unknown; (5) Regional nodes 

positive were 3,4,5,6 when we used the searching term as 
T1N1 (1–6 positive nodes) M0 because all the staging data 
were updated and coded to conform to the 8th edition of the 
AJCC TNM staging system; (6) Tumor destruction; patho-
logic specimen unknown or no pathologic specimen. (The 
flow chart of searching process is shown in Fig. 1).

Statistical analysis and outcomes

The basic patient data from SEER database included year of 
diagnosis, age at diagnosis, gender, race, examined lymph 
nodes (ELN), family income, marital status, tumor size, 
tumor site, histological grade, histological type, Lauren’s 
type, surgery, adjuvant radiotherapy (RT), CT, T stage, N 
stage, M stage, TNM stage, survival months and cause of 
death.

The clinicopathological characteristics between 
T2N0M0 group and T1N1M0 group were compared by 
Chi squared test. Survival curves were performed using the 
Kaplan–Meier method and gastric cancer-specific survival 
(GCSS) and overall survival (OS) differences were deter-
mined by the log-rank test. Adjusted hazard ratios (HR) 
with 95% confidence interval (CI) were calculated using 
the Cox proportional regression model to estimate the 
prognostic factors. For all the statistical analyses, Stata 15.1 
software (StataCorp, College Station, TX, USA) and SPSS 
statistical software, version 23 (SPSS, Chicago, IL, USA) 
were used. Since patients were assigned to different groups 
based on retrospective review rather than randomization, 
propensity score analysis was used to balance out different 
parameters. We matched one stage T2N0M0 patient to one 
stage T1N1M0 patient utilizing the EmpowerStats software 
(EmpowerStats, Boston, X&Y Solutions, USA) to calculate 
the propensity score and detect the matching efficiency for 
the balance. A two-sided P < 0.05 was considered as statisti-
cally significant.

Results

Demographic and tumor characteristics

This study identif ied 1971 (T2N0M0 = 1407, 
T1N1M0 = 564) patients from the SEER database who 
met the inclusion criteria (Table 1). The mean number of 
ELN was 15.33 and 1198 (60.78%) patients had < 15 ELN 
in the whole cohort. Significant differences were found 
between the two groups in the characteristics studied such 
as tumor size, histologic type, CT, and RT. The proportion 
of larger tumor (tumor size > 5 cm) was significantly higher 
in the T2N0M0 group (19.29% in T2N0M0 vs. 11.11% in 
T1N1M0, P < 0.001). In contrast, patients with T1N1M0 
were more likely to have a higher proportion of signet ring 
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cell carcinoma (17.38% in T1N1M0 vs. 13.86% in T2N0M0, 
P = 0.047), CT (53.37% in T1N1M0 vs. 29.71% in T2N0M0, 
P < 0.001), RT (39.72% in T1N1M0 vs. 20.11% in T2N0M0, 
P < 0.001) and smaller tumor (tumor size ≤ 2 cm) (37.23% 
in T1N1M0 vs. 28.32% in T2N0M0, P < 0.001). The other 
carcinoma characteristics were similarly distributed between 
the two groups.

Comparison of survival between T2N0M0 
and T1N1M0

We evaluated the GCSS (in 1317 patients totally, 924 
patients for T2N0M0 and 393 patients for T1N1M0) and 
OS (in 1971 patients, 1407 patients for T2N0M0 and 564 
patients for T1N1M0) in T2N0M0 and in T1N1M0 group 

using the Kaplan–Meier analysis and log-rank test. We 
found that compared to T1N1M0, T2N0M0 had a better 
survival both in GCSS (P = 0.002) and OS (P = 0.042) 
(Fig. 2a,b).

To investigate the prognostic factors, the results of the 
GCSS and OS analysis using univariate and multivariate 
Cox proportional hazard regression models were further ana-
lyzed. For stage IB and T2N0M0 GC, in patients older than 
70 years, the tumor location at the upper site, family income 
less than $60,000 and ELN ≤ 15 were significantly associ-
ated with poor GCSS and OS (Table 2, Supplement Table 1).

Marital status was only associated with poor OS (Sup-
plement Table 3) but not with GCSS (Supplement Table 2) 
for stage T2N0M0 GC. For stage T1N1M0 GC, ELN ≤ 15, 
tumor location at the upper site, and lack of CT were 

Fig. 1   Flow chart depicting searching process
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Table 1   Clinicopathological 
characteristics of patients 
with stage T2N0M0 and stage 
T1N1M0 gastric cancer

a The data which is unknown is not present in this table

Characteristica Total T2N0M0 T1N1M0 P valueb

(n = 1971) n (%) (n = 1407) n (%) (n = 564) n (%)

Year of diagnosis 0.465
 2004–2010 1227 (62.25%) 883 (62.76%) 344 (60.99%)
 2011–2015 744 (37.75%) 524 (37.24%) 220 (39.01%)

Age (mean) (years) 68.56 68.81 67.95
Age (years) 0.319
 0–70 1024 (51.95%) 721 (51.24%) 303 (53.72%)
 > 70 947 (48.05%) 686 (48.76%) 261 (46.28%)

Gender 0.375
 Male 1260 (63.93%) 908 (64.53%) 352 (62.41%)
 Female 711 (36.07%) 499 (35.47%) 212 (37.59%)

Race 0.219
 White 1294 (65.72%) 923 (65.65%) 371 (65.90%)
 East Asiac 281 (14.27%) 191 (13.58%) 90 (15.98%)
 Othersd 394 (20.01%) 292 (20.77%) 102 (18.12%)

Examined nodes (mean) 15.33 15.23 15.58
Examined nodes 0.487
 1–15 1198 (60.78%) 862 (61.27%) 336 (59.57%)
 > 15 773 (39.22%) 545 (38.73%) 228 (40.43%)

Family income (mean) ($) 72,468.21 71,941.36 73,782.52
Family income ($) 0.255
 ≤ 60,000 437 (22.17%) 323 (22.96%) 114 (20.21%)
 60,000–85,000 973 (49.37%) 696 (49.46%) 277 (49.11%)
 > 85,000 561 (28.46%) 388 (27.58%) 173 (30.68%)

Marital status 0.078
 Married 1212 (63.49%) 845 (62.22%) 367 (66.61%)
 Not marriede 697 (36.51%) 513 (37.78%) 184 (33.39%)

Grade 0.278
 I/II 865 (45.29%) 632 (46.40%) 233 (42.52%)
 III/IV 1045 (54.71%) 730 (53.60%) 315 (57.48%)

Tumor site 0.180
 Lower/middle 806 (56.72%) 582 (57.85%) 224 (53.98%)
 Upper 615 (43.28%) 424 (42.15%) 191 (46.02%)

Tumor size (cm) < 0.001
 ≤ 2 564 (30.82%) 373 (28.32%) 191 (37.23%)
 2–5 955 (52.19%) 690 (52.39%) 265 (51.66%)
 > 5 311 (16.99%) 254 (19.29%) 57 (11.11%)

Lauren’s type 0.886
 Intestinal type 392 (74.10%) 275 (73.93%) 117 (74.52%)
 Diffuse type/mixed type 137 (25.90%) 97 (26.07%) 40 (25.48%)

Histologic type 0.047
 Signet ring cell carcinoma 293 (14.87%) 195 (13.86%) 98 (17.38%)
 Other types of adenocarcinomaf 1678 (85.13%) 1212 (86.14%) 466 (82.62%)

Chemotherapy < 0.001
 No 1252 (63.52%) 989 (70.29%) 263 (46.63%)
 Yes 719 (36.48%) 418 (29.71%) 301 (53.37%)

Radiotherapy < 0.001
 No 1464 (74.28%) 1124 (79.89%) 340 (60.28%)
 Yes 507 (25.72%) l283 (20.11%) 224 (39.72%)
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significantly associated with the poor GCSS (Supplement 
Table 4) and OS (Supplement Table 5).

Effect of surgery alone versus adjuvant treatment 
on GCSS and OS in T2N0M0 group and T1N1M0 
group

To clarify the effect of surgery alone (SA) or AT (includ-
ing CT, adjuvant chemoradiotherapy (CRT), and RT) on 

b P value was adjusted by multivariate Cox proportional hazard regression model including all factors, and 
a bold type indicates significance
c Incuding Chinese, Japanese, Korean
d Including American Indian/Alaskan native, and Asian excluded East Asia/Pacific Islande, Black, etc
e Including divorced, separated, single (never married), and widowed
f Including adenocarcinoma (intestinal type, diffuse type, mixed type), mucinous adenocarcinoma, mucin-
producing adenocarcinoma, mucinous cyst-adenocarcinoma, papillary adenocarcinoma, tubular adenocar-
cinoma

Table 1   (continued)

Fig. 2   Kaplan–Meier estimates and log-rank test to compare survival 
between stage T2N0M0 and stage T1N1M0 gastric cancer. a Gas-
tric cancer-specific survival (GCSS) for the whole cohort; b overall 
survival (OS) for the whole cohort; c GCSS when examined lymph 

nodes were less than or equal to 15; d OS when examined lymph 
nodes were less than or equal to 15; e GCSS when examined lymph 
nodes were more than 15; f OS when examined lymph nodes were 
more than 15
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Table 2   Multivariate analysis of gastric cancer-specific survival (GCSS) and overall survival (OS) for stage IB GC

Variablea Multivariate analysis (GCSS) P valueb Multivariateanalysis (OS) P valueb

HRg (95% CIh) HRg (95% CIh)

Year of diagnosis
 2004–2010 Reference – Reference –
 2011–2015 0.866 (0.613–1.225) 0.417 0.936 (0.730–1.200) 0.601

Age (years)
 0–70 Reference – Reference –
 > 70 1.861 (1.400–2.472) < 0.001 1.914 (1.573–2.329) < 0.001

Gender
 Male Reference – Reference –
 Female – – – –

Race
 White Reference – Reference –
 East Asiac – – – –
 Othersd – – – –

Examined nodes
 1–15 Reference – Reference –
 > 15 0.626 (0.461–0.850) 0.003 0.691 (0.565–0.845) < 0.001

Family income ($)
 ≤ 60,000 Reference – Reference –
 60,000–85,000 0.583 (0.417–0.814) 0.002 0.678 (0.543–0.847) 0.001
 > 85,000 0.531 (0.360–0.784) 0.001 0.706 (0.548–0.910) 0.007

Marital status
 Married – – 0.777 (0.644–0.937) 0.008
 Not marriede Reference – Reference –

Grade
 I/II Reference – Reference –
 III/IV – – 1.035 (0.858–1.250) 0.717

Tumor site
 Lower/middle Reference – Reference –
 Upper 2.479 (1.875–3.277) < 0.001 1.799 (1.485–2.179) < 0.001

Tumor size (cm)
 ≤ 2 Reference – Reference –
 2–5 – – – –
 > 5 – – – –

Lauren’s type
 Intestinal type Reference – Reference –
 Diffuse type/mixed type – – – –

Histologic type
 Signet ring cell carcinoma Reference – Reference –
 Other types of adenocarcinomaf – – 1.017 (0.743–1.392) 0.916

Chemotherapy
 No Reference – Reference –
 Yes 0.766 (0.508–1.155) 0.203 0.772 (0.580–1.027) 0.075

Radiotherapy
 No Reference – Reference –
 Yes 0.787 (0.489–1.265) 0.322 0.762 (0.542–1.071) 0.117

Stage IB
 T2N0M0 Reference – Reference –
 T1N1M0 1.861 (1.379–2.511) < 0.001 1.466 (1.191–1.805) < 0.001
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prognosis, we compared the survival rate between SA 
group and AT group in T2N0M0 and T1N1M0 stages. 
In T2N0M0 stage: the AT group and the SA group dem-
onstrated similar survival in GCSS (P = 0.241), but the 
SA group had a significantly worse OS rate than the 
AT group (P = 0.001) (Fig. 3a, b). In T1N1M0 stage: 

compared to the AT group, the SA group demonstrated 
a significantly worse GCSS rate (P < 0.001) and OS rate 
(P < 0.001) (Fig. 4a, b).

Table 2   (continued)
a The data which is unknown is not present in this table
b P value was adjusted by multivariate Cox proportional hazard regression model including all factors, and a bold type indicates significance
c Including Chinese, Japanese, Korean
d Including American Indian/Alaskan native, and Asian excluded East Asia/Pacific Islande, Black, etc
e Including divorced, separated, single (never married), and widowed
f Including adenocarcinoma (intestinal type, diffuse type, mixed type), mucinous adenocarcinoma, mucin-producing adenocarcinoma, mucinous 
cyst-adenocarcinoma, papillary adenocarcinoma, tubular adenocarcinoma
g Hazard ratios
h Confidence interval

Fig. 3   Gastric cancer-specific survival (GCSS) and Overall survival 
(OS) curves of surgery alone group (SA) and adjuvant treatment 
group (AT) for stage T2N0M0 gastric cancer (GC). a GCSS com-
pared in SA and AT groups before propensity score matching; b OS 

compared in SA and AT groups before propensity score matching; c 
GCSS compared in SA and AT after propensity score matching; d OS 
compared in SA and AT groups after propensity score matching
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Effect of surgery alone versus chemotherapy 
versus chemoradiotherapy on GCSS and OS 
in T2N0M0 and T1N1M0

To further clarify the effect of different AT types on prog-
nosis, we divided the patients into three groups (RT alone 
was excluded as the number of patients in this group was 
particularly small [16, 17]: SA group, CT group, and CRT 
group. For stage T2N0M0 GC: compared to the CT and 
the CRT group, the SA group demonstrated a comparable 
survival trend in GCSS (P = 0.183 for CT group, P = 0.578 
for CRT group), but showed a significantly worse OS rate 
(P = 0.033 for CT group, P = 0.002 for CRT group). There 
was no significant difference between the CT group and the 
CRT group in GCSS (P = 0.360) and in OS (P = 0.954) (Sup-
plement Figure 2A–2B). For stage T1N1M0 GC: compared 
to the CT and the CRT group, the SA group demonstrated 

a significantly worse GCSS rate (P = 0.006 for CT group, 
P < 0.001 for CRT group) and OS rate (P < 0.001 for CT 
group, P < 0.001 for CRT group). Among the CT and the 
CRT group, we did not observe significant difference in 
either GCSS (P = 0.958) or OS (P = 0.545) (Fig. 4c, d).

Comparison of survival after 1:1 matched 
between T2N0M0 group and T1N1M0 group

In the view of unmatched characteristics affecting the sur-
vival outcomes between T2N0M0 and T1N1M0 stages, 
we constructed a 1:1 (T2N0M0:T1N1M0) case–control 
matched analysis using the propensity score matching 
method. 772 patients for GCSS (Supplement Table 6) and 
1098 patients for OS (Supplement Table 7) were included 
for further analysis. Based on the two matched groups, we 
found that matched T2N0M0 group had a better survival 

Fig. 4   Kaplan–Meier estimates and log-rank test comparing Gastric 
cancer-specific survival (GCSS) and Overall survival (OS) for stage 
T1N1M0 gastric cancer: surgery alone group (SA) vs. adjuvant treat-
ment group (AT) and surgery alone group (SA) versus chemotherapy 

group (CT) versus chemoradiotherapy group (CRT). a GCSS com-
pared in SA with AT; b OS compared in SA with AT; c GCSS com-
pared in SA with CT and CRT; d OS compared in SA with CT and 
CRT​
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both in GCSS (P = 0.002) and OS (P = 0.009) than matched 
T1N1M0 group (Supplement Figure 1A–1B).

Comparison of survival after 1:1 matched in T2N0M0 
group and T1N1M0 group according to the type 
of treatment

Considering that the unmatched AT type may affect the 
survival outcomes, we also constructed 1:1 (SA group:AT 
group) case–control matched analysis for T2N0M0 and 
T1N1M0.

For the matched T2N0M0 group, 654 patients for GCSS 
(Supplement Table 8) and 766 patients for OS (Supplement 
Table 9) were included. Based on the two matched groups, 
we found that matched surgery alone group (MSA group) 
had comparable survival both in GCSS (P = 0.471) and OS 
(P = 0.852) as matched adjuvant treatment group (MAT 
group) (Fig. 3c, d). For the matched T1N1M0 group, 268 
patients for GCSS (Supplement Table 10) and 412 patients 
for OS (Supplement Table 11) were included. Based on the 
two matched groups, we found that the MSA group had a 
significantly worse survival both in GCSS (P < 0.001) and 
OS (P = 0.001) when compared to the MAT group (Supple-
ment Figure 2C-2D).

Comparison of survival between T2N0M0 
and T1N1M0 according to the number of examined 
lymph nodes

Group with ELN ≤ 15 included 763 patients for GCSS and 
1198 patients for OS. Compared to the T1N1M0 group, 
T2N0M0 group exhibited a better survival both in GCSS 
(P = 0.003) and OS (P = 0.038) (Fig. 2c, d). Group with 
ELN > 15 included 554 patients for GCSS and 773 patients 
for OS. The T2N0M0 group demonstrated comparable sur-
vival both in GCSS (P = 0.146) and OS (P = 0.464) as the 
T1N1M0 group (Fig. 2e, 2f).

Comparison of survival after 1:1 matched 
between T2N0M0 and T1N1M0 according 
to the number of examined lymph nodes

Group with ELN ≤ 15 after matched included 430 patients 
for GCSS (Supplement Table 12) and 666 patients for OS 
(Supplement Table 13). Compared to T1N1M0, T2N0M0 
had a better survival both in GCSS (P = 0.011) and OS 
(P = 0.030) (Supplement Figure  1C–1D). Group with 
ELN > 15 after matched included 338 patients for GCSS 
(Supplement Table 14) and 350 patients for OS (Supple-
ment Table 15). Compared to T2N0M0, T1N1M0 demon-
strated similar survival both in GCSS (P = 0.515) and OS 
(P = 0.270) (Supplement Fig. 1e, 1f).

Discussion

We sought to seek evidence to explore the differences 
between T2N0M0 and T1N1M0 GC, both classified as 
stage IB GC, using the SEER database. Overall, T2N0M0 
group had the clinical pathological characteristics compa-
rable to T1N1M0 group except the tumor size. The larger 
tumors were widely distributed in T2N0M0 group, while 
the smaller tumors were mainly aggregated in T1N1M0 
group. These findings are consistent with the study of Du 
et al. [14].

The T2N0M0 group had a significantly better GCSS 
and OS than the T1N1M0 group, although more patients 
received AT in T1N1M0 group. The univariate and mul-
tivariate Cox proportional hazard regression models for 
the stage IB GC demonstrated that T1N1M0 was an inde-
pendent risk factor of worse GCSS and OS for progno-
sis, which strongly supports the survival analysis results. 
Furthermore, following the propensity score matching, 
the T2N0M0 group was found to have a better GCSS and 
OS in comparison to the T1N1M0 group suggesting that 
T2N0M0 exhibited better survival than T1N1M0. These 
results are consistent with the findings of Gold et al. in 
SEER database from 1988 to 2008 [10]. Conversely, other 
reports demonstrated a comparable survival rate between 
the two subgroups [12–15]. According to the 8th edition 
AJCC GC staging system, it is widely accepted that the 
number of ELN should be at least 16 [18]. The majority 
of patients in Japan and Korea received extensive lym-
phadenectomies (D2 lymphadenectomy or greater) and had 
more ELN [19, 20]. However, most surgeons in the west-
ern countries perform more limited lymphadenectomies 
(D1 lymphadenectomy or less) because of high periopera-
tive complications and mortality in D2 lymphadenectomy 
[21, 22]. The proportion of 16 or more ELN was only 
39.22% after radical surgery in our study which is simi-
lar to the other study showing that more than half of the 
GC patients in the USA had a fewer than 16 ELN [23]. 
Furthermore, subgroup analysis revealed that T2N0M0 
and T1N1M0 were consistent in survival when ELN were 
> 15, but T1N1M0 demonstrated a worse survival than 
T2N0M0 when ELN were ≤ 15. One of the obvious rea-
sons to explain the survival difference between T2N0M0 
and T1N1M0 is number of ELN which can cause stage 
migration [24, 25].

The AT strategies differed between T2N0M0 and 
T1N1M0 which may affect the survival. On one hand, AT 
demonstrated better survival than SA in GCSS but not in 
OS for T2N0M0. On the other hand, AT demonstrated sig-
nificantly better survival than SA in both GCSS and OS for 
T1N1M0 which was consistent with the study of Jabo et al. 
[26]. Furthermore, AT was found to yield better GCSS and 
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OS outcome than SA after case–control matched analysis 
for T1N1M0. However, AT demonstrated a better OS than 
SA for T2N0M0 before matched; this advantage was dis-
missed after matched. Therefore, T2N0M0 GC may not 
benefit from AT based on the similar GCSS and OS results 
after matched.

To further understand which specific treatment modali-
ties might lead to the differences in survival, especially for 
stage T1N1M0 GC, AT was divided into two subgroups: 
CT and CRT. In the USA, CRT using 5-fluorouracil-based 
regimen is recommended after D1 gastrectomy for T1N1M0 
GC. In Europe, CT is recommended after D2 gastrectomy 
for all stages except for T1N0M0 GC [27]. In contrast, the 
Japanese Gastric Cancer Treatment Guidelines recommend 
observation alone after curative resection for T1N1M0 and 
T2N0M0 GC [3]. Overall, there has been no consensus on 
the use of AT in T1N1M0 and T2N0M0 GC. In our study, 
CRT subgroup showed the same survival when compared to 
CT subgroup in both T2N0M0 and T1N1M0 GC. Similarly, 
Kim et al. reported the CT and CRT had the similar sur-
vival in T1N1M0 GC [28]. However, another SEER-based 
data showed that the CRT demonstrated a better survival 
in comparison to SA or CT in both T2N0M0 and T1N1M0 
GC [29]. While their SEER results of this study were based 
on the 6th edition AJCC GC staging, our results were based 
on the 8th edition AJCC GC staging. Our results clearly 
showed that RT was not required after radical surgery in 
either the T2N0M0 or the T1N1M0 GC. The CT demon-
strated a significantly better GCSS and OS than the SA for 
T1N1M0 GC. While lack of CT was not an independent 
risk factor affecting prognosis for stage IB and T2N0M0, it 
was an independent risk factor for T1N1M0 highlighting the 
profound influence of CT on the prognosis of T1N1M0 [30].

Although T2N0M0 and T1N1M0 are both stage IB 
according to the 8th edition AJCC classification, they have 
significantly different prognosis and treatment strategies, 
especially when ELN were ≤ 15. We should pay more atten-
tion to the improvement of surgical quality to obtain ade-
quate lymph nodes to avoid stage migration.

Our study has limitations, based on the retrospective 
nature of the study. First, factors such as the specific surgical 
methods (D2 or D1), specific CT information (regimen and 
duration), lymphatic and/or blood vessel invasion, perineural 
invasion were not available in SEER database. Secondly, due 
to the inability to match 1: 1: 1 for lack of technology, we 
cannot match SA: CT: CRT with 1: 1: 1 using the propensity 
score matching. Thirdly, because all the patients included in 
our paper were surgery performed, we could only acquire 
the major clinical data and the TNM stage based on path-
ological results; so, our conclusions were only applied to 
pTNM stage but not clinical TNM stage (cTNM) or post-
neoadjuvant TNM stage (ypTNM). Moreover, the number 
of patients from the three subgroups would decline sharply 

after matched. However, based on our existing results, we 
can also explain the effects of specific AT methods on sur-
vival because of large sample size. Moreover, we only prove 
that T2N0M0 may not benefit from AT and that T1N1M0 
requires CT. But in T2N0M0 patients with high-risk factors, 
AT may be necessary and in T1N1M0 patients with low-risk 
factors, CT may be avoided to prevent toxicity and discom-
fort. Finally, these findings need to be further validated in 
non-US cohorts.

In conclusion, stage T2N0M0 GC has a better survival 
than stage T1N1M0 GC when ELN were ≤ 15. After radi-
cal surgery, T2N0M0 GC may not benefit from AT, while 
T1N1M0 GC requires CT but may not require RT. However, 
more than 15 ELN are essential to avoid stage migration. A 
prospective and RCT is required for further confirmation of 
these results.
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