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Abstract

Purpose - The purpose of this research is to investigate
the prognostic factors of patients with stage I gastric
cancer (GC) and to determine whether adjuvant chemo-
therapy improves the prognosis for high-risk patients.
Methods - We performed a retrospective analysis at Sir
Run Run Shaw Hospital, Zhejiang University School of
Medicine, and HwaMei Hospital, University of Chinese
Academy of Sciences from January 2001 to December
2015. Cox regression and Kaplan-Meier were used to
evaluate the relationship between the patients’ clinico-
pathologic characteristics and prognosis.

Results — A total of 1,550 patients were eligible for the
study. The 5-year disease-free survival (DFS) rate of all
enrolled patients was 96.5%. The pT and pN stages were
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significantly associated with the prognosis. The 5-year
DFS rates of the three subgroups (TINO, T2NO, and T1N1)
were 97.8%, 95.7%, and 90.5%, respectively (p < 0.001).
In the TIN1 subgroup, patients not undergoing chemo-
therapy showed a lower 5-year DFS rate compared to
those undergoing chemotherapy, although the difference
was not statistically significant.

Conclusions - Both the pT and pN stages were closely
associated with the prognosis of patients with stage I GC.
We also found that the danger coefficient of the pN stage
was higher than that of the pT stage, and that post-
operative adjuvant chemotherapy might be a reasonable
approach to improve outcomes of high-risk patients,
particularly in the TIN1 group.
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1 Introduction

In recent decades, the early detection rate of
gastric cancers (GCs) has been increasing with the
prevalence of endoscopic techniques [1]. According to
the eighth edition of the American Joint Committee on
Cancer (AJCC) tumor-lymph node-metastasis (TNM)
classification, stage I GC has two subtypes: stage IA
(invading the mucosa and submucosa, no positive
lymph nodes, and no distant metastasis, TINOMO) and
stage IB. The stage IB GC consists of TINIMO (invading
the mucosa and submucosa, having one to two positive
lymph nodes but no distant metastasis) and T2NOMO
(invading the muscularis propria, no positive lymph
nodes, and no distant metastasis) [2,3]. Patients with
stage I GC typically have an excellent prognosis but there
is still a small risk of relapses or distant metastases.
Previous studies have also suggested that the prognosis
of stage IB patients is worse than that of stage IA
patients [4]. Additionally, some scholars believe that the
prognosis of patients between TIN1 and T2NO was
different after investigating the prognostic factors of
early GC [5-7]. Almost high-quality clinical trials of
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and HwaMei Hospital between Jan 2001 to Dec 2015

2101 patients with pathologically confirmed stage | gastric
cancer who underwent surgery at Sir Run Run Shaw Hospital,
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Non-radical resection N=15
Neoadjuvant chemotherapy N=82
Postoperative radiotherapy N=22
Previous or concurrent history of malignancy N=40
Previous history of gastrectomy N=75
Other types of stomach malignancies N=76
Incomplete data N=54
Follow-up less than 36 months N=187
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Stage IB (T2NO)
N=327

Figure 1: Flowchart of the study population.

postoperative chemotherapy for GC excluded stage I
patients [8,9].

The guidelines can also differ depending on the
county; according to the Japanese Gastric Cancer
Association treatment guidelines, observation alone is
recommended without chemotherapy for stage I GC
patients who had undergone curative resection [10], but
the National Comprehensive Cancer Network (NCCN)
recommends adjuvant chemotherapy for high-risk stage
I patients (lymph nodes metastasis, poorly differen-
tiated, lymphovascular invasion, perineural invasion, or
under 50 years of age) after curative resection [2].
Although some retrospective small-sample/single-center
studies have reported on the risk factors influencing the
prognosis in patients with early GC, no general con-
sensus on the management of early GC currently exists
[4,11,12]. Furthermore, the definition of stage I GC
continues to change with each update of the TNM
staging system. Therefore, this study was conducted to
investigate the risk factors influencing the prognosis of
patients with stage I GC and to evaluate the efficacy of
adjuvant chemotherapy for high-risk patients.

2 Materials and methods
2.1 Study population

All patients diagnosed with stage I GC after surgical
resection between January 2001 and December 2015 at Sir
Run Run Shaw Hospital, Zhejiang University School of
Medicine, and HwaMei Hospital, University of Chinese
Academy of Sciences, were extracted from a database
specially created for this purpose, and retrospectively
analyzed in this study. Figure 1 summarizes the inclusion
and exclusion criteria used in this study. Adjuvant
chemotherapy was based on 5-fluorouracil (5-FU) or
platinum. The surgical specimens were examined by
pathologists using the updated edition of the UICC/AJCC
TNM staging system, which was then converted to the
eighth edition at the time of our analysis. Although no
approval number exists due to the particularity of this
retrospective research, the ethics committees of both
hospitals (Sir Run Run Shaw Hospital, Zhejiang University
School of Medicine, and HwaMei Hospital, University of
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Table 1: Baseline clinicopathological characteristics of patients

with stage | GC

N = 1550

Age (years) (mean + SD)
Gender

Male

Female

Body mass index (kg/mz) (mean + SD)
American Society of Anesthesiologists

1-2

3-4

Tumor location
Upper third

Middle third

Lower third

Two thirds or more
Type of gastrectomy
Distal subtotal
Total

Proximal subtotal
Tumor size (cm) (mean + SD)
Histologic type
Differentiated
Undifferentiated
Perineural invasion
Absence

Presence
Lymphovascular invasion
Absence

Presence

pT category

T1

T2

pN category

NO

N1

Chemotherapy

No

Yes

Number of the examined lymph nodes (mean

+ SD)

58.8 + 11.0

1,221 (78.8%)
329 (21.2%)
21.8 + 2.1

1,121 (72.3%)
429 (27.7%)

189 (12.2%)
129 (8.3%)
1,219 (78.6%)
13 (0.8%)

1,245 (80.3%)
257 (16.6%)
48 (3.1%)
3.0+ 15

912 (58.8%)
638 (41.2%)

1510 (97.4%)
40 (2.6%)

1457 (94.0%)
93 (6.0%)

1223 (78.9%)
327 (21.1%)

1349 (87.0%)
201 (13.0%)

1118 (72.1%)
432 (27.9%)
26.6 + 13.0

Chinese Academy of Sciences) have approved the im-
plementation of this study. A written consent was

obtained from all patients before enrollment.

3 Follow-up

The patients were followed up at every 6 months for the
first 2 years, and annually thereafter until death or at least
5 years after undergoing curative surgery. Disease-free
survival (DFS) was defined as the time from surgery to
locoregional recurrence, distant recurrence, or death.
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Patients for whom none of these events were recorded
were censored at the date of their last known contact.
The median follow-up time for the entire cohort was
67 months (range 10-209 months) and follow-up of all
patients included in this study was concluded in
January 2019.

4 Statistical analysis

Continuous variables were compared using the indepen-
dent samples t-test or the Wilcoxon rank-sum test, and
categorical variables were compared using the Pearson’s
chi-squared test or the Fisher’s exact test when appro-
priate. The potentially relevant factors obtained from the
univariate analysis were then assessed in the multivariate
model using Cox’s regression. A univariate logistic
regression analysis was also performed to evaluate the
relationship between the clinicopathological factors and
lymph node metastasis (N1)/muscularis propria invasion
(T2). The independent risk factors were included in the
multivariate logistic regression analysis. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were calculated.
The DFS rate was calculated using the Kaplan-Meier
method, and the log-rank test was employed to determine
the significance. All statistical tests were performed two-
sided, and a p < 0.05 difference was considered
statistically significant. Analyses were performed using
the SPSS software (version 25.0, SPSS Inc. IL, USA).

5 Results
5.1 Clinicopathologic characteristics

Between January 2001 and December 2015, there were a
total of 2,101 naive patients with stage I GC after
surgical resection at Sir Run Run Shaw Hospital,
Zhejiang University School of Medicine, and HwaMei
Hospital, University of Chinese Academy of Sciences. Of
these, 551 patients were excluded from the analysis for
previously described reasons (for details, see Figure 1)
and 1,550 patients were eligible for analysis in the
present study. The 5-year DFS rate of all patients
recruited was 96.5%, and 64 patients died due to
their GC during the follow-up. The clinicopathologic
characteristics of these patients are summarized in
Table 1.
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Table 2: Univariate and multivariate analyses of 5-year DFS rate for patients with stage | GC

Clinicopathological feature Univariate analysis Multivariate analysis
HR 95% ClI p value HR 95% ClI p value

Age (years)

<60 1

> 60 0.63 0.37-1.05 0.075

Gender

Male 1

Female 0.96 0.53-1.72 0.880

Body mass index (kg/m?)

<24 1

>24 0.99 0.86-1.34 0.771

American Society of Anesthesiologists

1-2 1

3-4 1.51 0.78-2.45 0.256

Tumor location

Upper third

Middle third

Lower third

Two thirds or more

Type of gastrectomy

Distal subtotal 1

Total 0.32 0.12-0.88 0.028

Proximal subtotal 1.85 0.67-5.10 0.233

Tumor size

<3.0cm 1

>3.0cm 0.49 0.12-1.98 0.313

Histologic type

Differentiated 1

Undifferentiated 1.13 0.70-1.83 0.608

Perineural invasion

Absence 1

Presence 1.30 0.32-5.31 0.717

Lymphovascular invasion

Absence 1

Presence 1.07 0.39-2.94 0.897

pT category

T1 1 1

T2 1.34 0.78-2.29 0.291 2.42 1.32-4.44 0.004

pN category

NO 1 1

N1 3.33 2.01-5.50 <0.001 4.23 2.42-7.39 <0.001

Chemotherapy

No 1

Yes 1.98 1.23-3.20 0.005

Number of the examined lymph nodes

<15 1

>15 1.03 0.57-1.85 0.935

5.2 Prognostic factors and survival analysis

The multivariate Cox proportional hazards model analysis
showed that both the pT stage and the pN stage were the
independent prognostic factors (Table 2). As both pT and
PN stages were significantly associated with the prognosis,

according to the TNM staging system (eighth edition), all
patients were divided into three subgroups: TINO (stage
IA), TIN1 (stage IB), and T2NO (stage IB). The 5-year DFS
rate of 1,022 patients with TINO was 97.8%, and the median
follow-up duration was 66 months (range 22-209). The
5-year DFS rate for the 201 T1IN1 patients was 90.5%, while
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Figure 2: Comparison of survival curves in patients with stage | GC
(p < 0.001).

the median follow-up duration was 75 months (range
10-207). As for the 327 T2NO patients, the 5-year DFS rate
was 95.7%, and the median follow-up duration was
66 months (range 23-208) (p < 0.001) (Figure 2).

5.3 Subgroup analysis for stage IB

The 5-year DFS rate between patients with TIN1 and
T2NO was statistically significant (p = 0.018).
Additionally, some clinicopathologic features differed
between the two groups, including age, gender, tumor
location, size, perineural invasion, and chemotherapy
(Supplementary Table S1). Furthermore, the effect of
chemotherapy on the prognosis of stage IB patients was
analyzed, and it was found that patients with TIN1 GC
who did not undergo chemotherapy had a lower 5-year
DFS rate compared with TIN1 patients who underwent
chemotherapy, but the difference had no statistical
significance. It was also found that chemotherapy had
no effect on the prognosis in T2NO patients (Figure 3).

Chemotherapy
L 'No
: t —Yes
No-censored

038 —+Yes-censored
0.6

0.4

Disease free survival (DFS)

0.2

0.0

0 20 40 60 80 100 120

Time (months)
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5.4 Relationship between lymph node
metastasis (N1)/muscularis propria
invasion (T2) and clinicopathological
characteristics

The multivariate analysis revealed that lymph node
metastasis was associated with younger age, female,
larger tumor, and lymphovascular invasion (Table 3),
and GC with muscularis propria invasion was closely
related to older age, larger tumor, non-lower third
tumor, and perineural invasion (Table 4).

6 Discussion

This study investigated the prognosis and risk factors of
patients with stage I GC who had undergone radical
gastrectomy. Consistent with previous studies [13], the
results showed that stage I GC had an excellent prognosis
with a 5-year DFS rate of over 90%. However, the prognosis
was varied among different subgroups. IA (TINO) had the
best prognosis, followed by T2NO and TIN1. After an
analysis of the 12 most common clinicopathological factors,
the pT and pN stages were considered to be independent
risk factors for stage I GC prognosis. It is worth noting that
the danger coefficient of the pN stage was higher than that
of the pT stage in stage 1.

Park et al. [4] identified six independent risk factors
influencing the prognosis of patients with stage I GC,
which include age over 65 vyears, male, stage IB,
lymphovascular invasion, perineural invasion, and an
elevated carcinoembryonic antigen level. However, Zhao
[14] reported that only the pN stage could independently
predict the prognosis of early GC patients. A study by In
et al. [15] found that higher tumor grade, tumor located
in the cardia, and inadequate lymph node dissection

o
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Figure 3: Prognostic impact of adjuvant chemotherapy in patients with stage IB GC, (a) TIN1, p = 0.641; (b) T2NO, p = 0.781.
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Table 3: Logistic analysis of clinicopathological features associated with lymph node metastasis (pN1)

Univariate analysis

Multivariate analysis

OR 95% ClI p value OR 95% ClI p value
Age (years)
<60 1 1
>60 0.66 0.49-0.90 0.008 0.663 0.48-0.91 0.011
Gender
Male 1 1
Female 1.66 1.19-2.31 0.003 1.59 1.14-2.23 0.007
Body mass index (kg/m?)
<24 1
> 24 1.29 0.76-2.04 0.915
American Society of Anesthesiologists
1-2 1
3-4 1.21 0.48-2.45 0.621
Tumor size
<3.0cm 1 1
>3.0cm 1.85 1.08-3.19 0.026 1.92 1.10-3.35 0.023
Tumor location
Upper third 1
Middle third 1.53 0.72-3.24 0.271
Lower third 1.87 1.08-3.24 0.027
Two thirds or more 2.11 0.43-10.41 0.360
Histologic type
Differentiated 1
Undifferentiated 1.27 0.94-1.71 0.115
Lymphovascular invasion
Absence 1 1
Presence 2.52 1.54-4.11 <0.001 2.41 1.47-3.97 0.001
Perineural invasion
Absence 1
Presence NA

(<15 lymph nodes) were associated with poor overall
survival. Furthermore, a study by Araki showed that
venous invasion was the only independent prognostic
factor for survival of patients with T2NO [16]. An
extranodal extension was also considered as a risk
factor for stage IB patients [12]. Consistent with our
results, T2NO GC had a better survival rate than TIN1 GC.
Wang and his colleagues analyzed nearly 2,000 stage IB
GC patients who had underwent radical surgery in a
Surveillance, Epidemiology and End Results (SEER)
database [5]. Additionally, they demonstrated that
when lymph nodes were sufficiently dissected (>15
lymph nodes), both TIN1 and T2NO had similar survival.

The efficacy of chemotherapy in the treatment of early
GC has always been controversial. Due to the excellent
prognosis of early GC, most clinical trials investigating the
efficacy of postoperative chemotherapy for GC excluded
patients with stage I. While this study also could not
confirm chemotherapy as an independent prognostic factor

for stage I GC, patients with chemotherapy showed a better
5-year DFS rate compared with the patients without
chemotherapy in TIN1, but the difference was not
statistically significant. We inferred that the slight increase
in the DFS rate is related to the excellent prognosis of
patients with stage I but longer follow-up and larger study
population might be needed. Some previous studies had
shown that chemotherapy can potentially improve the
prognosis of high-risk patients with stage I GC, even when
including lymph nodes metastasis, inadequate lymph node
dissection, and extranodal extension [5,12,17].

As lymph node metastasis and local invasion can
reduce the DFS rate, we further investigated the clinico-
pathologic features associated with lymph node metastasis
or depth of invasion. In this study, it was interesting to find
that the younger patients were more likely to have lymph
node metastasis, while older patients are more likely to
have a deeper tumor invasion. While the mechanism of the
phenomenon was still unclear, Zheng also reported that
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Table 4: Logistic analysis of clinicopathological features associated with muscularis propria invasion (pT2)

Univariate analysis

Multivariate analysis

OR 95% ClI p value OR 95% ClI p value
Age (years)
<60 1 1
>60 1.72 1.35-2.20 <0.001 1.74 1.34-2.26 <0.001
Gender
Male 1 1
Female 0.86 0.63-1.17 0.330
Body mass index (kg/m?)
<24 1
>24 0.93 0.81-1.04 0.829
American Society of Anesthesiologists
1-2 1
3-4 0.88 0.56-1.45 0.683
Tumor size
<3.0cm 1 1
>3.0cm 3.06 1.96-4.77 <0.001 2.92 1.78-4.79 <0.001
Tumor location
Upper third 1 1
Middle third 1.04 0.64-1.68 0.879 1.11 0.68-1.83 0.677
Lower third 0.48 0.34-0.67 <0.001 0.51 0.36-0.73 <0.001
Two thirds or more 0.96 0.28-3.23 0.942 0.42 0.11-1.57 0.198
Histologic type
Differentiated 1
Undifferentiated 0.86 0.67-1.10 0.225
Lymphovascular invasion
Absence 1
Presence 1.33 0.82-2.14 0.252
Perineural invasion
Absence 1 1
Presence 9.45 4.75-18.80 <0.001 11.60 5.72-23.52 <0.001

patients younger than 50 years of age had a higher
possibility of lymph node metastasis than older patients
[18]. Contrary to those studies, a recent meta-analysis
showed that older patients (>60 years) are more likely to
have lymph node metastasis instead, but this meta-analysis
consisted of only four eligible studies and considering the
selection bias as well as the publication bias, the evidence
was insufficiently robust [19]. Consistent with previous
studies, there was no doubt that tumor size was an
independent risk factor for lymph node metastasis and
deeper depth tumor invasion [19,20]. However, our study
showed that tumor size was not associated with the
prognosis of patients with stage I GC. Therefore, we
concluded that tumor size did not affect the prognosis
directly but rather indirectly through other mechanisms,
such as lymph node metastasis or depth tumor invasion
(5,14]. To date, the TNM staging system does not adopt
tumor size as a staging indicator.

This study reported an advantage for males with
respect to lymph node metastasis, which was observed

more often in females. Reviewing previous studies,
gender differences were noted in varying degrees of
lymph node metastasis, but in most multivariate
analyses, most published results showed no statistical
significance. Interestingly, Zhao et al. pooled 16 studies
and came to a conclusion consistent with ours [19]. We
hypothesized that sex hormones might play an impor-
tant role in lymph node metastasis, but the pathogenesis
between gender and lymph node metastasis remained
unknown. Lymphovascular invasion is a recognized risk
factor for lymph node metastasis, which was confirmed
again in this study, but it was not associated with
patients’ prognosis. Although several studies showed
that lymphovascular invasion was a risk factor for the
prognosis of stage 1 GC, a greater number of studies
concluded that lymphovascular invasion is not directly
related to patients’ prognosis [4,14,16,21].

We also found that tumor location and perineural
invasion were correlated with the depth of tumor invasion
for stage I GC. A study showed that the overall survival of
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young patients with tumors located in the upper or middle
third was significantly lower than those with tumor located
in the lower third [22]. Several scholars believed that upper-
third GC patients experienced a more aggressive disease
course and suffered a worse prognosis, likely due to the
pathological predominance of poorly differentiated or
undifferentiated cells, which were more frequently observed
in the upper-third GC patients [23-25]. A large meta-
analysis showed that primary tumors located in the upper
third of the stomach are likely to be a poor risk factor for
DFS [26]. Deng et al. [27] and Aurello et al. [28] reported
that perineural invasion was an independent prognostic
factor for GC patients and its effect was independent of
lymph node status, tumor size, and the depth of invasion as
well as a range of other biological variables in the
multivariate analysis. In this study, perineural invasion
was associated with the depth of invasion, but the former
was not directly related to the prognosis. This study
reviewed previous relevant studies and summarized the
potential risk factors for stage I GC (early GC), as shown in
Supplementary Table S2.

There were some limitations in the present study due to
its retrospective nature, but despite such limitations, we took
efforts to create a clinically and scientifically sound
experiment design. First, due to database limitations, the
clinicopathological characteristics did not contain molecular
markers, such as HER-2 status, mismatch repair deficiency,
Epstein-Barr virus, and PD-1/PD-L1 expression. Furthermore,
the chosen chemotherapy regimen for patients with stage I
GC was not standardized. Therefore, the conclusions made in
this paper require further prospective confirmation by a
multicenter study with large sample size.

7 Conclusions

Our research demonstrates that both pT and pN stages
are closely associated with the prognosis of patients with
stage I GC, and the danger coefficient of the pN stage was
higher than that of the pT stage. We also found that
postoperative adjuvant chemotherapy might be a rea-
sonable approach to improve the outcomes of high-risk
patients, particularly in the TIN1 group.
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