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Abstract 

Background: The efficacy of adjuvant chemotherapy (AC) on survival outcomes of patients with stage I gastric cancer (GC) after 
curative resection remains controversial. We aimed to determine whether these patients would benefit from AC.

Methods: This retrospective study included patients with pathologically confirmed stage I GC who underwent curative resection 
between November 2010 and December 2020. Patients were divided into AC and non-AC groups, then a 1:1 propensity score matching 
(PSM) analysis was performed to minimize the selection bias. Potential risk factors including age, pN stage, pT stage, lymphovascular 
invasion, perineural invasion, tumor size, histological type, and carcinoembryonic antigen level were used as matching covariates. 
The recurrence-free survival (RFS) and disease-specific survival (DSS) were compared between groups using the Kaplan–Meier method.

Results: A total of 902 consecutive patients were enrolled and 174 (19.3%) patients were treated with AC. PSM created 123 pairs of 
patients. Before PSM, patients receiving AC had lower 10-year RFS rates (90% vs 94.6%, P¼ 0.035) than those who did not receive AC; 
the two groups had similar 10-year DSS rates (93.8% vs 95.0%, P¼ 0.240). After PSM, there were no statistical differences in the 
10-year RFS (90.9% vs 93.0%, P¼0.507) or DSS rates (93.5% vs 93.6%, P¼ 0.811) between the two groups. Similar results were found in 
the stage IA and IB subgroups. Moreover, these findings were not affected by AC cycles.

Conclusions: The addition of AC could not provide survival benefits for patients with stage I GC after surgery and follow-up is thus 
recommended. However, large-scale randomized clinical trials are required.
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Introduction
Gastric cancer (GC) is the fifth most-diagnosed malignancy and 
the fourth most-common cause of cancer-related deaths world
wide [1]. Despite declining incidence rates in most countries, 
clinicians can expect to see more GC cases in the future due to 
ageing populations [2]. The prevalence of endoscopic techniques 
associated with improved living conditions have contributed to 
more discoveries of early-stage GC [3, 4].

According to the eighth edition of the American Joint 
Committee on Cancer (AJCC) tumor-lymph node-metastasis 
(TNM) classification [5], stage I GC includes stage IA GC (T1N0) 
and stage IB GC (T1N1 and T2N0). The prognosis for patients with 
stage I GC after curative resection is promising, with expected 
5-year survival rates of >90% [6]. Despite this relatively high sur
vival rate, the outcome for patients who experience recurrence is 
poor. The post-operative recurrence rates for stage I GC have 

been reported to range from 2.2% to 7.6% [3, 6–8]. Some studies 

have identified significant risk factors for recurrence or death in 

stage I GC patients, such as age, pT stage, pN stage, lymphovas

cular invasion (LVI), perineural invasion (PNI), differentiation de

gree, and carcinoembryonic antigen (CEA) level [3, 6, 8–11]. They 

suggested that patients with risk factors should be considered 

candidates for adjuvant chemotherapy (AC). However, they did 

not further analyse whether AC had additional survival benefits 

for these patients. AC has become the standard treatment strat

egy for stage II and III GC patients after D2 resection, whereas 

there is no global consensus on AC for stage I GC due to a lack of 

randomized clinical trials with sufficient statistical power. Since 

the prognosis for early GC is excellent with resection alone, most 

clinical trials investigating the efficacy of post-operative chemo

therapy for GC have excluded stage I GC patients [12–17]. 

According to the Japanese Gastric Cancer Association treatment 
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guidelines [18] and the Korean GC guidelines [19], only follow-up 
is recommended for stage I GC patients who have undergone cu
rative resection, whereas the National Comprehensive Cancer 
Network clinical practice guidelines [20] and the Chinese Society 
of Clinical Oncology (CSCO) GC treatment guidelines [21] recom
mend post-operative AC for high-risk stage I GC patients. 
Considering the treatment cost and chemotherapy-related ad
verse events, it is necessary to properly investigate the efficacy of 
AC in stage I GC patients.

Therefore, we aimed to evaluate the potential efficacy of AC 
for patients with stage I GC by comparing survival outcomes be
tween patients who received AC and those who did not. We used 
the propensity score matching (PSM) method to produce two 
comparable groups at baseline to improve exchangeability of the 
results and minimized the selection bias in this retrospective co
hort of stage I GC patients.

Methods
Study population and data sources
A total of 986 consecutive GC patients between November 2010 
and December 2020 at Hunan Cancer Hospital were retrospectively 
collected. The inclusion criteria were as follows: (i) histopathologi
cally confirmed stage I GC; (ii) with radical (R0) resection; and (iii) 
complete clinical and follow-up data. Patients were excluded if 
they met any of the following exclusion criteria: (i) endoscopic mu
cosal resection or endoscopic submucosal dissection as the initial 
surgical intervention; (ii) concurrence of other malignancies; and 
(iii) with a history of gastrectomy. The study protocol was approved 
by the ethics committee of Hunan Cancer Hospital (KYJJ-2022–276) 
and informed consent from patients was waived due to the retro
spective nature of the work. This study adhered to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) reporting guideline [22].

Patients’ available clinical characteristics (sex, age, smoking 
status, body mass index, CEA level, lymphocyte count, and type 
of gastrectomy) and pathological findings (LVI, PNI, pN stage, 
number of examined lymph nodes, pT stage, tumor size, histo
logical type, and tumor location) were collected from their medi
cal records. Data were input by experienced clinicians and each 
record was audited by trained technical and medical expert pan
els. Missing data were coded as unknown variables and included 
in the analysis. The study cohort was restaged according to the 
8th edition of the AJCC staging system. Histological type was di
vided into the differentiated type (papillary and tubular adeno
carcinomas) and the undifferentiated type (poor differentiated, 
signet-ring cell carcinoma, and mucinous adenocarcinomas). LVI 
was assessed as positive when examination of the entire periph
ery of the tumor on the slides revealed tumor cells within 
endothelium-lined spaces [23]. PNI was assessed as positive 
when cancer cells were seen in the perineurium or neural fas
cicles intramurally [24]. The histopathological diagnosis was de
termined by experienced pathologists.

Treatment procedures and follow-up
All surgical procedures were performed by experienced surgeons. 
Curative gastrectomy with D1, D1þ, or D2 lymphadenectomy 
was carried out in accordance with CSCO guidelines for early- 
stage GC [21]. Distal, proximal, or total gastrectomy depended on 
the location of the primary lesions using either laparoscopy or 
open surgery treatment. The surgeons would recommend post- 
operative AC for patients with high risk factors for recurrence, 
such as poor differentiation, LVI, and PNI [21]. However, patients 
were informed of the fact that there is currently lacking evidence 

to support AC for treating stage I GC after surgery and it was ulti
mately up to the patients to decide whether to receive AC. The 
AC regimens included monotherapy based on 5-fluorouracil and 
combined therapy based on 5-fluorouracil plus platinum, which 
was administered within 4–6 weeks after surgery. The median 
cycles of AC were 4 (interquartile range, 2–6).

After surgery, patients were followed up once every 
3–6 months in the first 2 years, followed by once every 6– 
12 months until 5 years, including clinical history, physical exam
ination, blood chemistry (whole blood count, liver–renal function 
test, tumor markers, etc.), chest, abdominal and pelvic computed 
tomography (once every 6–12 months for the first year and then 
once every year), and gastroscopy. Fine-needle aspiration cytol
ogy or biopsy was performed on suspected lesions to confirm 
locoregional or distant recurrence. The follow-up information of 
patients was obtained through medical record review and tele
phone interviews. The follow-up visits were performed up to 
December 2021.

Study end points
The primary end point was recurrence-free survival (RFS), which 
was defined as the time from the date of surgery to locoregional 
or/and distant recurrence or the date of the last follow-up. The 
secondary end point was disease-specific survival (DSS), which 
was defined as the time from the date of surgery to death due to 
GC or the date of the last follow-up. The survival information 
was checked by clinicians for accuracy.

Statistical analysis
The patients were divided into the AC and non-AC groups. 
Patients from the two groups were matched using the PSM 
method to mitigate discrepancies in the characteristics of the 
study cohort that could affect the outcomes. Logistic regression 
was used for propensity score calculation from baseline patient 
characteristics including age, pT stage, pN stage, tumor size, his
tological type, LVI, PNI, and CEA level. Propensity score analysis 
with 1:1 matching was performed with the nearest-neighbor 
matching method. The nearest-neighbor matching was based on 
a greedy matching algorithm, which matched each unit in the 
treatment group to a unit in the control group that had the clos
est propensity score. For each patient receiving AC, a patient not 
receiving AC with a minimum distance of propensity scores was 
matched. Both patients were then removed from consideration 
for matching and the next case matching was continued until 
the last patient in the AC group [25]. We tested multiple caliper 
widths. The criterion for selecting the optimal caliper width was 
to simultaneously meet the requirements of preferable homoge
neity and minor loss of sample size. Covariate balance was evalu
ated using absolute standardized difference (ASD) after PSM, and 
covariables were considered well balanced between the groups if 
the ASDs were <0.1 [26]. We defined the caliper as 0.1, 0.01, 
0.001, or 0.0001 standard deviations of the logit of the estimated 
propensity score, which meant the maximum distance by which 
two units could be apart from each other was 0.1, 0.01, 0.001, or 
0.0001 standard deviations of the logit of the estimated propen
sity score. Eventually, a caliper width of 0.001 resulted in the best 
trade-off between homogeneity and retained sample size. We 
performed Kaplan–Meier analysis to compare the survival out
comes between the AC and non-AC groups before and af
ter matching.

The Mann–Whitney U test or the Wilcoxon rank-sum test was 
used for comparison of continuous variables, while the chi- 
square test or the Fisher’s exact test was used for comparison of 
categorical variables. The Kaplan–Meier survival analysis was 
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performed to calculate the RFS and DSS rates, and the log-rank 
test was employed to determine the significance. All statistical 
analyses were conducted using R version 3.4.1 (R Foundation for 
Statistical Computing, Vienna, Austria) and Python version 3.6.1 
(https://www.python.org/). All tests were two-sided and a P-value 
of <0.05 was considered statistically significant.

Results
Patient characteristics
A total of 902 patients were included in this study (Figure 1), in
cluding 571 males (63.3%) and 331 females (36.7%), with a me
dian age of 56 years. The median follow-up time was 48 months 
(interquartile range, 29–72 months). Of these patients, 45 (5.0%) 
experienced recurrence. The median time to recurrence was 
46 months (interquartile range, 25–71 months); 57.8% (26/45) of 
patients experienced recurrence within 2 years after surgery. The 
most common pattern of recurrence was distant metastasis 
(42.2%), followed by peritoneal metastasis (37.8%) and local re
currence (8.9%). A total of 38 (4.2%) patients died of GC; most 
(97.4%) of the disease-specific deaths occurred within 1 year after 
recurrence. The 10-year RFS and DSS rates were 92.4% and 
92.7%, respectively.

Survival outcomes in the entire cohort
In the entire cohort, 174 (19.3%) patients received AC after sur
gery. The patients’ clinicopathological characteristics of the AC 

and non-AC groups are shown in Table 1. Patients in the AC 
group had larger tumor size (P<0.001), more advanced tumor 
stage (P<0.001), lower degree of tumor differentiation (P< 0.001), 
and higher probability of LVI (P< 0.001) and PNI (P¼ 0.003). 
Before matching, patients who received AC had a lower 10-year 
RFS rate than those who did not receive AC (90% vs 94.6%, 
P¼ 0.035; Figure 2A); the two groups had similar 10-year DSS 
rates (93.8% vs 95.0%; P¼0.240; Figure 2B).

Survival outcomes in the propensity 
matched cohort
PSM created 123 pairs of patients (123 patients per group). 
This method was shown to be adequate based on the pairwise 
comparison of the matched covariates (Figure 3). The matched 
variables were adequately balanced after PSM, as demonstrated 
by an ASD of <0.1 (Table 1). In the propensity matched cohort, 
the median follow-up time was 55 months (interquartile range, 
30–84 months). Ten patients (8.1%) experienced recurrence or 
death in the AC group and eight (6.5%) in the non-AC group. 
The Kaplan–Meier survival analysis found that the 10-year RFS 
(90.9% vs 93.0%, P¼ 0.507; Figure 2C) and DSS rates (93.5% vs 
93.6%, P¼0.811; Figure 2D) were not significantly different be
tween the AC and non-AC groups. Similar results were found in 
the stage IA (P¼ 0.564 for RFS and P¼ 0.571 for DSS) and stage IB 
(P¼ 0.330 for RFS and P¼ 0.584 for DSS) subgroups. The median 
cycles of AC were 4 (interquartile range, 2–6). Also, there were no 
significant differences in survival rates between the patients who 

Figure 1. Flowchart demonstrating the inclusion and exclusion criteria of this study. GC ¼ gastric cancer, EMR ¼ endoscopic mucosal resection, ESD ¼
endoscopic submucosal dissection, AC ¼ adjuvant chemotherapy, PSM ¼ propensity score matching.
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completed six cycles of AC and those who did not (P¼ 0.305 for 

RFS and P¼ 0.957 for DSS).

Discussion
To date, no clinical trials have been completed to confirm the 

therapeutic benefit of AC in stage I GC patients. We performed 

PSM to balance baseline patient characteristics and found that 

patients in the non-AC group had similar survival outcomes 

when compared with patients in the AC group. In the absence of 

a randomized prospective clinical trial, these results suggest that 

only follow-up is enough for stage I GC patients after cura

tive resection.

Some studies have investigated the prognosis for stage I GC 

patients [3, 6–11, 23, 27–29]. Consistently with the results of pre

vious studies [3, 6, 8, 11], our results demonstrated that stage I 

GC patients had a good prognosis with survival rates of >90%. 

However, some patients experienced recurrence within 5 years of 

curative resection [30]. In most studies [3, 6, 8, 9, 11, 27, 28], ad

vanced age, pT stage, pN stage, LVI, and PNI were identified as in

dependent risk factors for recurrence or death in stage I GC 

patients. In this study, by comparing basic characteristics be

tween AC and non-AC groups in the entire cohort, we found that 

variables that showed significant difference were previously 

reported prognostic risk factors. Biased distribution of prognostic 

risk factors between groups would have significantly affected the 

Table 1. Baseline clinicopathological characteristics of patients treated with or without adjuvant chemotherapy before and 
after matching

Clinicopathological variable Before PSM After PSM

Non-AC (n¼728) AC (n¼174) P-value ASD Non-AC (n¼123) AC (n¼123) P-value ASD

Sex 0.211 0.105 0.793 0.033
Male 468 (64.3) 103 (59.2) 77 (62.6) 75 (61.0)
Female 260 (35.7) 71 (40.8) 46 (37.4) 48 (39.0)

Age (years) 0.157 0.123 0.858 0.022
<65 567 (77.9) 144 (82.8) 104 (84.6) 105 (85.4)
�65 161 (22.1) 30 (17.2) 19 (15.4) 18 (14.6)

Smoking 0.181 0.114 0.604 0.067
No 407 (55.9) 107 (61.5) 71 (57.7) 75 (61.0)
Yes 321 (44.1) 67 (38.5) 52 (42.3) 48 (39.0)

CEA level (ng/mL) 0.287 0.119 1.000 0
�5 606 (83.2) 153 (87.9) 109 (88.6) 1098.6) 
>5 29 (4.0) 4 (2.3) 2 (1.6) 2 (1.6)
Unknown 93 (12.8) 17 (9.8) 12 (9.8) 12 (9.8)

BMI (kg/m2) 22.3 ± 3.0 22.4 ± 3.2 0.952 0.026 22.5 ± 3.0 22.5 ± 3.2 0.893 0.010
Lymphocyte (�109/L) 1.9 ± 0.7 1.9 ± 0.6 0.662 0.027 1.9 ± 0.6 1.9 ± 0.7 0.789 0.076
Type of gastrectomy 0.122 0.152 0.653 0.115

Proximal 14 (1.9) 3 (1.7) 4 (3.3) 3 (2.4)
Distal 664 (91.2) 151 (86.8) 109 (88.6) 106 (86.2)
Total 50 (6.9) 20 (11.5) 10 (8.1) 14 (11.4)

Lymphovascular invasion <0.001 0.264 0.734 0.042
No 704 (96.7) 157 (90.2) 118 (95.9) 119 (96.7)
Yes 24 (3.3) 17 (9.8) 5 (4.1) 4 (3.3)

Perineural invasion 0.003 0.218 0.790 0.033
No 708 (97.3) 161 (92.5) 115 (93.5) 116 (94.3)
Yes 20 (2.7) 13 (7.5) 8 (6.5) 7 (5.7)

pN stage <0.001 0.762 1.000 0
N0 710 (97.5) 125 (71.8) 107 (87.0) 107 (87.0)
N1 18 (2.5) 49 (28.2) 16 (13.0) 16 (13.0)

No. of examined LNs 0.057 0.161 0.055 0.245
�15 330 (45.3) 65 (37.4) 64 (52.0) 49 (39.8)
>15 398 (54.7) 109 (62.6) 59 (48.0) 74 (60.2)

pT stage <0.001 0.586 1.000 0
T1 561 (77.1) 87 (50.0) 53 (43.1) 53 (43.1)
T2 167 (22.9) 87 (50.0) 70 (56.9) 70 (56.9)

Tumor size (cm) <0.001 0.411 0.974 0.025
�2 435 (59.8) 72 (41.4) 58 (47.2) 57 (46.3)
2–5 257 (35.3) 80 (46.0) 54 (43.9) 54 (43.9)
�5 36 (4.9) 22 (12.6) 11 (8.9) 12 (9.8)

Histological type <0.001 0.378 1.000 0
Differentiated type 506 (69.5) 148 (85.1) 104 (84.6) 104 (84.6)
Undifferentiated type 222 (30.5) 26 (14.9) 19 (15.4) 19 (15.4)

Tumor location 0.438 0.127 0.557 0.148
Upper third 28 (3.8) 11 (6.3) 6 (4.9) 10 (8.1)
Middle third 111 (15.2) 30 (17.2) 19 (15.4) 20 (16.3)
Lower third 584 (80.2) 132 (75.9) 95 (77.2) 92 (74.8)
Multiple 5 (0.6) 1 (0.6) 3 (2.4) 1 (0.8)

AC cycles NA NA NA NA
<6 NA 122 (70.1) NA 87 (70.7)
�6 NA 52 (29.9) NA 36 (29.3)

Values are expressed as n (%) or mean ± standard deviation. PSM ¼ propensity score matching, AC ¼ adjuvant chemotherapy, CEA ¼ carcinoembryonic antigen, 
BMI ¼ body mass index, PNI ¼ prognostic nutritional index, LNs ¼ lymph nodes, ASD ¼ absolute standardized differences, NA ¼ not applicable.
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outcomes, thereby they needed to be controlled regardless of 
their relevance to AC. Hence, we leveraged the PSM to eliminate 
the influence of potential confounding factors. This way of 
analysis offers researchers the ability to balance two groups 
across all putative risk factors and allows easy inspection 
of achieved balance across the observed variables [25, 31]. 
After matching, AC was no longer associated with a lower RFS 
that showed before matching. Consequently, the survival differ
ence between the two groups in the entire cohort may be due to 
the biased distribution of baseline characteristics rather than 
AC itself.

Post-operative AC has been established as a standard treat
ment for advanced GC to decrease the risk of recurrence [32, 33]. 
The efficacy of AC in stage I GC has been preliminarily explored 
in several studies, with inconsistent conclusions. Mei et al. [34] 

found no significant difference in 5-year overall survival (OS) or 
DSS between surgery plus AC and surgery alone groups in 
patients with pT1N0 and pT1N1 GC. Zheng et al. [6] and Yang 
et al. [35] revealed that stage IB GC patients who received AC did 
not have prolonged survival. However, in a retrospective analysis 
of 1,687 patients, In et al. [36] demonstrated a significant survival 
benefit of AC in T2N0 GC patients (hazard ratio for OS, 0.71; 
P¼ 0.043). Jin et al. [37] reported that patients with <15 lymph 
nodes examined and tumor size of >3 cm could achieve DSS ben
efit from AC with marginal significance (P¼0.049). Lu et al. [38] 
revealed that patients with systemic immune score¼ 2 may ben
efit from AC for stage I GC. Notably, all the above studies did not 
control the potential confounding factors of prognosis that 
showed as unbalanced between the AC and non-AC groups, thus 
their conclusions should be interpreted with caution.

Figure 2. Comparisons of survival outcomes between patients treated with and without adjuvant chemotherapy in the unmatched (A and B) and 
matched (C and D) cohorts.

Adjuvant chemotherapy for stage I gastric cancer | 5  



Our study has some limitations. First, selection bias may have 
been introduced due to the retrospective nature of this study. 
Although we applied PSM to minimize such bias, this method can 
only balance known covariates, and statistical inferences may 
still be subject to bias from unmeasured confounding variables. 
A large, multicenter randomized clinical trial may be needed to 
confirm our findings. Second, it is impossible to conduct an 
intent-to-treat comparison between AC and non-AC groups, 
which would introduce immortal time bias. Third, this study was 
performed at a single center and the study population may not 
represent the general patient population with stage I GC. The 
marked differences in ethnicity, diet, and living habits between 
Chinese and Caucasian populations may influence clinical man
agement [39]. However, the patient characteristics of the present 
study were similar to those of other previous studies [3, 6, 11]. 
Finally, we included patients who underwent different chemo
therapy regimens; the potential effect of different schemes on 
survival should not be neglected.

Conclusions
Our study demonstrates that stage I GC patients have an excel
lent prognosis after curative surgical resection, with 10-year sur
vival rates of >90%. For stage I GC patients, surgery alone offers 
similar survival outcomes as compared with surgery followed by 
AC. Therefore, only follow-up is recommended for these patients. 
However, prospective randomized–controlled studies are neces
sary to confirm our findings.

Authors’ Contributions
Q.Y.C. and H.X. contributed to the conception and design of the 
study, the interpretation of data, and the work draft. L.Z. partici
pated in the data extraction. J.J.Y. and Z.J. participated in the 
data analysis. B.Z. offered guidance in study design and revised 
the article critically for important intellectual content. All 
authors read and approved the final version of the manuscript.

Funding
This work received funding from Hunan Cancer Hospital Climb 
Plan [2020NSFC-A004] and Changsha Municipal Natural Science 
Foundation [Kq2208151]. The funders had no role in study design, 
data collection and analysis, preparation of the manuscript, or 
decision to publish.

Acknowledgements
The institutional review board of Hunan Cancer Hospital ap
proved this retrospective study and waived the need for informed 
consent. The study was performed in accordance with the 
Declaration of Helsinki.

Conflict of Interest
None declared.

References
1. Sung H, Ferlay J, Siegel RL et al. Global Cancer Statistics 2020: 

GLOBOCAN estimates of incidence and mortality worldwide for 

36 cancers in 185 countries. CA Cancer J Clin 2021;71:209–49.
2. Smyth EC, Nilsson M, Grabsch HI et al. Gastric cancer. Lancet 

2020;396:635–48.

3. Park JH, Ryu MH, Kim HJ et al. Risk factors for selection of patients 

at high risk of recurrence or death after complete surgical 

resection in stage I gastric cancer. Gastric Cancer 2016;19:226–33.
4. Cao R, Tang L, Fang M et al. Artificial intelligence in gastric can

cer: applications and challenges. Gastroenterol Rep (Oxf) 2022; 

10:goac064.
5. Sano T, Coit DG, Kim HH et al. Proposal of a new stage grouping of 

gastric cancer for TNM classification: International Gastric 

Cancer Association staging project. Gastric Cancer 2017;20:217–25.

6. Zheng D, Chen B, Shen Z et al. Prognostic factors in stage I gas

tric cancer: a retrospective analysis. Open Med (Wars) 2020; 

15:754–62.
7. Youn HG, An JY, Choi MG et al. Recurrence after curative resec

tion of early gastric cancer. Ann Surg Oncol 2010;17:448–54.
8. de Jesus VHF, da Costa WL Jr, Felismino TC et al. Survival out

comes of patients with pathological stage I gastric cancer using 

the competing risks survival method. J Gastrointest Oncol 2019; 

10:1110–9.

9. Kunisaki C, Makino H, Kimura J et al. Impact of lymphovascular 

invasion in patients with stage I gastric cancer. Surgery 2010; 

147:204–11.
10. Yokoyama T, Kamada K, Tsurui Y et al. Clinicopathological 

analysis for recurrence of stage Ib gastric cancer (according to 

the second English edition of the Japanese classification of gas

tric carcinoma). Gastric Cancer 2011;14:372–7.
11. Du C, Zhou Y, Cai H et al. Poor prognostic factors in patients 

with stage I gastric cancer according to the seventh edition 

TNM classification: a comparative analysis of three subgroups. J 

Surg Oncol 2012;105:323–8.
12. Sakuramoto S, Sasako M, Yamaguchi T et al.; ACTS-GC Group. 

Adjuvant chemotherapy for gastric cancer with S-1, an oral flu

oropyrimidine. N Engl J Med 2007;357:1810–20.
13. Kim TH, Park SR, Ryu KW et al. Phase 3 trial of postoperative 

chemotherapy alone versus chemoradiation therapy in stage 

III-IV gastric cancer treated with R0 gastrectomy and D2 lymph 

node dissection. Int J Radiat Oncol Biol Phys 2012;84:e585–e592.

Figure 3. Absolute standardized differences before and after propensity 
score matching. CEA ¼ carcinoembryonic antigen, ASD ¼ absolute 
standardized differences, PSM ¼ propensity score matching.

6 | Q. Chen et al.  



14. Kurimoto K, Ishigure K, Mochizuki Y et al. A feasibility study of 
postoperative chemotherapy with S-1 and cisplatin (CDDP) for 
stage III/IV gastric cancer (CCOG 1106). Gastric Cancer 2015; 

18:354–9.
15. Sasako M, Sakuramoto S, Katai H et al. Five-year outcomes of a 

randomized phase III trial comparing adjuvant chemotherapy 
with S-1 versus surgery alone in stage II or III gastric cancer. J 

Clin Oncol 2011;29:4387–93.
16. Aoyama T, Yoshikawa T, Watanabe T et al. Survival and prog

nosticators of gastric cancer that recurs after adjuvant chemo

therapy with S-1. Gastric Cancer 2011;14:150–4.
17. Nakanishi K, Kanda M, Ito S et al. Delay in initiation of postoper

ative adjuvant chemotherapy with S-1 monotherapy and 

prognosis for gastric cancer patients: analysis of a multi- 
institutional dataset. Gastric Cancer 2019;22:1215–25.

18. Japanese Gastric Cancer Association. Japanese gastric cancer 

treatment guidelines 2018 (5th edition). Gastric Cancer 2021; 
24:1–21.

19. Guideline Committee of the Korean Gastric Cancer Association, 
Development Working Group, Review Panel. Korean practice 

guideline for gastric cancer 2018: an evidence-based, multi-dis
ciplinary approach. J Gastric Cancer 2019;19:1–48.

20. Ajani JA, D'Amico TA, Almhanna K et al. Gastric cancer, version 

3.2016, NCCN clinical practice guidelines in oncology. J Natl 
Compr Canc Netw 2016;14:1286–312.

21. Wang FH, Zhang XT, Li YF et al. The Chinese Society of Clinical 

Oncology (CSCO): clinical guidelines for the diagnosis and treat
ment of gastric cancer, 2021. Cancer Commun (Lond) 2021; 
41:747–95.

22. von Elm E, Altman DG, Egger M et al.; STROBE Initiative. The 

Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement: guidelines for reporting ob
servational studies. Ann Intern Med 2007;147:573–7.

23. Choi S, Song JH, Lee S et al. Lymphovascular invasion: tradi
tional but vital and sensible prognostic factor in early gastric 
cancer. Ann Surg Oncol 2021;28:8928–35.

24. De Franco L, Marrelli D, Voglino C et al. Prognostic value of peri
neural invasion in resected gastric cancer patients according to 
Lauren histotype. Pathol Oncol Res 2018;24:393–400.

25. D'Agostino RB Jr. Propensity score methods for bias reduction in 
the comparison of a treatment to a non-randomized control 
group. Stat Med 1998;17:2265–81.

26. Morgan CJ. Reducing bias using propensity score matching. 

J Nucl Cardiol 2018;25:404–6.

27. Shang L, Li B, He F et al. Effect of lymphatic vascular invasion on 
the prognosis of stage I (gastric cancer patients after radical 
gastrectomy). Zhonghua Wei Chang Wai Ke Za Zhi 2018;21:175–9.

28. Zhao BW, Chen YM, Jiang SS et al. Lymph Node Metastasis, a 
Unique Independent Prognostic Factor in Early Gastric Cancer. 
PLoS One 2015;10:e0129531.

29. Araki I, Hosoda K, Yamashita K et al. Prognostic impact of ve

nous invasion in stage IB node-negative gastric cancer. Gastric 
Cancer 2015;18:297–305.

30. Katai H, Ishikawa T, Akazawa K et al.; Registration Committee of 

the Japanese Gastric Cancer Association. Five-year survival 
analysis of surgically resected gastric cancer cases in Japan: a 
retrospective analysis of more than 100,000 patients from the 

nationwide registry of the Japanese Gastric Cancer Association 
(2001-2007). Gastric Cancer 2018;21:144–54.

31. Lonjon G, Boutron I, Trinquart L et al. Comparison of treatment 

effect estimates from prospective nonrandomized studies with 
propensity score analysis and randomized controlled trials of 
surgical procedures. Ann Surg 2014;259:18–25.

32. Noh SH, Park SR, Yang HK et al.; CLASSIC Trial Investigators. 

Adjuvant capecitabine plus oxaliplatin for gastric cancer after 
D2 gastrectomy (CLASSIC): 5-year follow-up of an open-label, 
randomised phase 3 trial. Lancet Oncology 2014;15:1389–96.

33. Sakuramoto S, Sasako M, Yamaguchi T et al.; ACTS-GC Group. 
Adjuvant chemotherapy for gastric cancer with S-1, an oral flu
oropyrimidine. New Engl J Med 2007;357:1810–20.

34. Mei Y, Feng T, Yan M et al. Is adjuvant chemotherapy necessary 
for early gastric cancer? Cancer Biol Med 2021;19:518–32.

35. Yang K, Chen MX, Choi YY et al. The effectiveness of postopera
tive chemotherapy on pT1bN0 and pT2N0 gastric cancer 

patients with risk factors: an international dual-center analysis. 
Yonsei Med J 2021;62:109–17.

36. In H, Kantor O, Sharpe SM et al. Adjuvant therapy improves sur

vival for T2N0 gastric cancer patients with sub-optimal lym
phadenectomy. Ann Surg Oncol 2016;23:1956–62.

37. Jin P, Ji X, Ma S et al. Adjuvant chemotherapy indications for 

stage I gastric cancer patients with negative lymph node. Clin 
Res Hepatol Gastroenterol 2021;45:101634.

38. Lu J, Cao LL, Li P et al. Significance of preoperative systemic im

mune score for stage I gastric cancer patients. Gastroenterol Res 
Pract 2018;2018:3249436.

39. Zhang YJ, Yang Y, Wei Q et al. A multicenter study assessing the 
prevalence of germline genetic alterations in Chinese gastric- 

cancer patients. Gastroenterol Rep (Oxf) 2021;9:339–49.

Adjuvant chemotherapy for stage I gastric cancer | 7  


	Active Content List
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	Conflict of Interest
	References


