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Objective: Regimens of S-1-based adjuvant chemotherapy are of great significance in attenuating recurrence risk in postoperative 
patients with gastric cancer (GC). Kinase insert-domain receptor (KDR) gene plays an essential role in tumor growth and metastasis. 
This study aimed to investigate the implication of KDR genotyping on the therapeutic outcomes of patients with gastric cancer (GC) 
who received S-1-based adjuvant chemotherapy.
Methods: A total of 169 postoperative GC with pathological staging of II and III and no metastasis who received S-1-based adjuvant 
chemotherapy were included retrospectively. Peripheral blood specimens were collected and prepared for KDR genotyping and KDR 
mRNA expression. Correlation between KDR genotype status and prognosis was performed using Kaplan–Meier survival analysis, 
and multivariate analysis was ultimately adopted using Cox regression analysis.
Results: Median disease-free survival (DFS) of the 169 patients with GC was 5.1 years [95% confidence interval (CI): 4.25–5.95] and 
median overall survival (OS) was 6.7 years (95% CI: 5.44–7.96). Rs2071559 was located at the upstream region, and the prevalence 
among 169 patients with GC was as follows: AA genotype in 104 cases (61.5%), AG genotype in 57 cases (33.7%), and GG genotype 
in 8 cases (4.7%), yielding a minor allele frequency of 0.22, which was consistent with Hardy-Weinberg equilibrium (P=0.958). 
Median DFS of patients with AA and AG/GG genotypes was 6.0 years and 4.0 years, respectively (P=0.002). Additionally, patients 
with the AA genotype had longer OS than those with the AG/GG genotype [median OS: not reached (NR) vs 5.5 years, P=0.011]. 
Additionally, KDR mRNA expression was significantly higher in patients with the AG/GG genotype than that in those with the AA 
genotype (P<0.001).
Conclusion: Rs2071559 in KDR gene might be a promising biomarker for evaluating the recurrence risk and OS of patients with GC 
who received S-1-based adjuvant chemotherapy. This conclusion should be confirmed in randomized clinical trials.
Keywords: gastric cancer, S-1, KDR, polymorphism, prognosis, biomarker

Introduction
Gastric cancer (GC) is one of the most common gastrointestinal tumors and the fifth most common type of tumor 
worldwide.1 It is reported that there are approximately 1,034,000 new cases and 783,000 new deaths of GC each year 
globally.2 Furthermore, there are approximately 479,000 new cases and 374,000 new deaths of GC in China currently.3 

Given that early diagnosis in China is not prevalent, a considerable number of patients with GC are diagnosed with 
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locally advanced or metastatic stage disease.4 Therapeutic outcomes of metastatic GC are still dismal with a 5-year 
overall survival (OS) rate of <10%.5 However, for patients with early stage GC, surgical resection is the most efficacious 
therapeutic option, and radical D2 surgery treatment reduced the risk of recurrence for Asian patients with GC 
significantly.6 Furthermore, fluoropyrimidine-based chemotherapy was the backbone of treatment for GC, including 
two oral derivatives: S-1 and capecitabine.7 Consequently, previous phase III clinical trial indicated that adjuvant 
chemotherapy of S-1 monotherapy significantly attenuated the risk of recurrence and elevated the overall survival 
(OS) of patients with stage II or III GC after radical D2 surgery treatment.8 Besides, different perioperative regimens 
were investigated in many clinical trials, including adjuvant treatment of S-1 with oxaliplatin (SOX) and S-1 with 
cisplatin.9 As a result, S-1-based adjuvant chemotherapy was widely used in patients with GC.

S-1 is made up of tegafur, gimeracil and oteracil, tegafur is a prodrug that must be metabolized to 5-FU by CYP2A6 in 
the liver to activate the antitumor activity.10 5-FU prevents DNA synthesis by inhibiting thymine nucleotide synthetase, 
playing the cytotoxic effect.11 Gimeracil is an inhibitor of dihydropyrimidine dehydrogenase, maintaining a high concen-
tration of 5-FU. Oteracil inhibits fluorouracil phosphorylation in the gastrointestinal tract and attenuates gastrointestinal 
toxicity.8 As a compound preparation, S-1 demonstrates promising efficacy and controllable safety profile for GC.

Angiogenesis is an important theory in the development of numerous malignancies and has been confirmed as an 
important therapeutic target for solid tumors.12 Kinase insert-domain receptor (KDR) pathway is one of the most 
important pathways in tumor angiogenesis, tumor recurrence and metastasis.13 Located on chromosome 4q12, KDR 
consists of 30 exons, which may serve as one of the most important therapeutic targets of antiangiogenic drugs.14 

Additionally, it should be noted that the function of KDR gene varied significantly among different populations and 
individual difference of KDR gene expression was noticed among different populations clinically.15 At present, rare 
studies investigated the clinical significance of the polymorphism in KDR among Chinese patients with GC who received 
surgical resection and adjuvant chemotherapy. Noteworthily, a recent study demonstrated that the 889C>T polymorphism 
in KDR gene was clinically significant among patients with extensive-stage small cell lung cancer who received apatinib 
monotherapy, and patients with CT/TT genotype of the polymorphism conferred a worse prognosis through the 
mediation of KDR gene expression.16 Furthermore, similar results were also reported among patients with advanced 
epithelial ovarian cancer who were treated with apatinib monotherapy, suggesting that patients with the TC/CC genotype 
of rs2071559 in KDR gene were associated with relatively worse progression-free survival (PFS) and OS.17 Interestingly, 
a previous study initiated by Zhu et al included 256 patients with GC and investigated the associations of VEGF/KDR 
proteins and KDR genetic variations with the prognosis of GC,18 which found that the KDR protein and rs1870377 
polymorphism in KDR were prognostic factors for patients with GC regardless of the treatment regimens, highlighting 
the KDR polymorphism might be a potential biomarker to predict the prognosis of patients with GC clinically. 
Collectively, these findings indicated that KDR polymorphisms might be of encouraging implication in the development 
of GC. However, the clinical significance of KDR polymorphisms in GC patients who received surgical resection and 
S-1-based adjuvant chemotherapy remained unknown.

Consequently, this study aimed to identify the implication of KDR polymorphisms on the prognosis of postoperative 
GC who received S-1-based adjuvant chemotherapy in clinical practice.

Patients and Methods
Study Design
S-1-based adjuvant chemotherapy has been used in patients with GC for over ten years and numerous patients with GC 
are treated with S-1-based adjuvant chemotherapy in clinical practice. Therefore, patients with GC who received 
operative treatment at the Department of Surgical Oncology of the First Affiliated Hospital of Xi’an Jiaotong 
University between January 2012 and June 2021 were included in this study retrospectively. The main inclusion criteria 
were as follows: (1) histological diagnosis of gastric adenocarcinoma with pathological stage of II or III; (2) age ≥18 
years; (3) Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0–2 score; (4) surgical resection and 
treatment with S-1-based adjuvant chemotherapy. Exclusion criteria were as follows: (1) previous administration of 
S-1-based systemic treatment in the neoadjuvant treatment; (2) concomitant cancer in the last three years or presence of 
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serious disease that might compromise the living status; (3) patients had distant metastasis or tumor cells observed in 
patients’ ascites. The primary analysis in this study was the correlation analysis between KDR gene polymorphisms and 
prognosis. The research profile was shown in Figure 1. In total, 169 patients with GC were recruited. All patients were 
from China and their ethnicity was Han Chinese. This study was approved by the ethics committee of the First Affiliated 
Hospital of Xi’an Jiaotong University (approved number: XJTU1AF2021LSK-185) in 2021. Written informed consent 
was obtained from each subject according to the recommendations of the Declaration of Helsinki.

Adjuvant Chemotherapy Regimens
All the patients enrolled in this study were treated with S-1-based adjuvant chemotherapy regimens within 3–6 weeks after 
surgery, which was consisted of S-1 monotherapy and S-1 plus oxaliplatin (SOX) regimen. Usage and dosage of S-1 
monotherapy were as follows: S-1 capsule, 40 mg/m2, orally twice daily for day 1–28 and discontinued for 14 days every 
42 days was deemed as one cycle.19 Additionally, usage and dosage of S-1 plus oxaliplatin (SOX) regimen were S-1 capsule, 
80 mg/m2 orally twice daily for day 1–14 and discontinued for 7 days and oxaliplatin, 100–130 mg/m2, iv. infusion, day 1. 
Every 21 days was considered as one cycle. Adjuvant chemotherapy with S-1 monotherapy and the SOX regimen was planned 
to provide eight cycles to the patients. Patients were followed-up regularly to obtain the prognostic outcomes.

Blood Specimen Collection and KDR Polymorphism Genotyping
Peripheral blood samples were collected during the study. Genomic DNA was extracted from the cells. However, 21 
patients’ biological peripheral blood specimens were not available, and 5 patients’ genomic DNA extraction was 

Figure 1 Flow chart of this retrospective study regarding the implication of KDR polymorphism on the prognosis of patients with gastric cancer who received S-1-based 
adjuvant chemotherapy.
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unsuccessful. As a result, 169 patients had available DNA specimens and were ultimately included in polymorphism 
analysis. KDR polymorphism analysis included the following three polymorphisms: rs2071559, rs2305948, and 
rs11941492.

Genotype status of rs2071559 polymorphism was determined by PCR-RFLP. Forward primer: 5’- 
TCACTAGGGCTCTTCGTTGG-3’and the reverse primer: 5’- GAAGCGGATACTCAGCCAAG-3’. The PCR product 
size was 271bp, which was digested using the restriction enzyme BsmI. Genotyping of the polymorphism was 
distinguished by the size of the PCR bands as follows: AA genotype (one 271 bp stripe); GG genotype (one 108 bp 
stripe and one 163 bp stripe); AG genotype (one 271 bp stripe, one 108 bp stripe, and one 163 bp stripe).17 The 
representative images of the bands produced by PCR-RFLP regarding the genotype status of rs2071559 in the KDR gene 
were illustrated in Figure S1.

Collection of Peripheral Blood Mononuclear Cell (PBMC) Specimens and Analysis of 
KDR Gene mRNA Expression
PBMC specimens were initially collected from 91 randomly selected patients among 169 patients with GC. Finally, only 76 
mRNA samples were available for the subsequent analysis. The methods for KDR mRNA expression were adopted from 
a previous study.20 The forward primer sequence used for KDR mRNA expression was 5’-ATGCAGAGCAAGGTGCTGC 
-3,’ and the reverse primer was 5’- TTAAACAGGAGGAGAGCTCAGTG-3’. Additionally, the forward primer sequence 
used for GAPDH (reference gene) mRNA expression was 5’-GAAGGTGAAGGTCGGAGTCAAC-3’ and the reverse 
primer was 5’-CAGAGTTAAAAGCAGCCCTGGT −3’.21

Statistical Analysis
All data presented in this study were collected and analyzed using SPSS version 25.0 (IBM, USA). We followed the 
methods of a previous study to analyze the statistical data.22 Disease-free survival (DFS) and OS were defined according 
to a previous study.23 The independent sample t-test method was used to analyze KDR mRNA expression according to 
the genotype status of rs2071559. Additionally, Cox analysis was adopted for DFS in the multivariate analysis. P<0.05 
was statistically significant.

Results
Baseline and Demographic Characteristics of the 169 Patients with GC
Baseline characteristics of 169 patients with GC are presented in Table 1. The median age of 169 patients was 56 years. 
Male and female patients were observed in 120 and 49 cases, respectively. All patients had common early-stage GC and 
underwent surgical resection in clinical practice. Representative pathological information (HE staining and immuno-
chemistry) of the two patients with GC were illustrated in Figures S2 and S3. S-1 monotherapy was administered to 57 
patients, and the SOX regimen (S-1 plus oxaliplatin) was administered to 112 patients.

Regarding the KDR gene polymorphism analysis, as illustrated in Table 2, three polymorphisms were included in our 
study (rs2071559, rs2305948, and rs11941492), only rs2071559 was of clinical significance in preliminary analysis. The 
prevalence of the rs2071559 polymorphism among the 169 patients with GC was as follows: AA genotype, 104 cases 
(61.5%); AG genotype, 57 cases (33.7%); GG genotype, 8 cases (4.7%), resulted in a minor allele frequency of 0.22, 
which was consistent with the Hardy-Weinberg equilibrium (P=0.958).

Prognostic Data of the 169 Patients with GC Who Received S-1 Based Adjuvant 
Chemotherapy
Patients included in this study were recruited between January 2012 and June 2021. The data cutoff date for this study 
was October 31, 2021, and the duration of this study was close to 10 years. The median follow-up duration from the 
patients included in this study to the last follow-up date was 6.3 years (follow-up range: 0.15–9.6 years). A total of 97 
recurrence or death events were observed when the data were cut-off, which produced a DFS maturity of 57.4%. As 
illustrated in Figure 2, the median DFS of 169 patients with GC who received S-1-based adjuvant chemotherapy was 5.1 
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years [95% confidence interval (CI): 4.25–5.95]. Furthermore, the 3-year DFS rate was 74.14% (95% CI: 66.75–80.12%) 
and 5-year DFS rate was 50.16% (95% CI: 42.04–57.74%), respectively. As shown in Table S1, a total of 79 the 169 
patients underwent subsequent treatment after relapsed. Of the 79 patients who received subsequent treatment, 31 
patients were treated with chemotherapy (39.2%), 23 patients received PD-1/PD-L1-related regimens (29.1%), 12 
patients received traditional Chinese medicine (15.2%), 8 patients were treated with anti-angiogenesis-related regimens 
(10.1%), and 5 patients were not available for subsequent treatments (6.3%). Additionally, the correlation between 
subsequent treatment and the rs2071559 genotype status in KDR suggested that patients with AA and AG/GG genotypes 
conferred similar and balanced subsequent regimens, and no statistically significant difference was observed (P>0.05). 
Ultimately, 79 deaths were observed when the data were cut-off, which yielded an OS maturity of 46.7%. As shown in 
Figure 2, the median OS of 169 GC who received S-1-based adjuvant chemotherapy was 6.7 years (95% CI: 5.44–7.96). 

Table 1 Baseline Characteristics of the 169 Patients with Gastric Cancer According to Genotype Status of KDR rs2071559

Baseline Characteristics Total  
(N=169, %)

Rs2071559 Genotype Status χ2 P

AA (N=104) AG/GG (N=65)

Age (year)

Median (range) 56 (21–79) 56 (21–76) 56 (23–79) NA 0.606
Gender

Male 120 (71.0) 73 (70.2) 47 (72.3) 0.087 0.768

Female 49 (29.0) 31 (29.8) 18 (27.7)
ECOG PS score

0 112 (66.3) 71 (68.3) 41 (63.1) 0.482 0.487

1–2 57 (33.7) 33 (31.7) 24 (36.9)
Pathological staging

IIA-IIB 64 (37.9) 39 (37.5) 25 (38.5) 0.016 0.900

IIIA-IIIC 105 (62.1) 65 (62.5) 40 (61.5)
Resection type

Total resection 94 (55.6) 60 (57.7) 34 (52.3) 0.470 0.493

Distal resection 75 (44.4) 44 (42.3) 31 (47.7)
Type of lymph-node dissection

D2 91 (53.8) 55 (52.9) 36 (55.4) 0.101 0.751

Non-D2 78 (46.2) 49 (47.1) 29 (44.6)
Body surface area (m2)

Median 1.66 1.65 1.67 NA 0.513

Range 1.25–2.17 1.28–2.15 1.25–2.17
Adjuvant chemotherapy regimens

S-1 monotherapy 57 (33.7) 33 (31.7) 24 (36.9) 0.482 0.487

S-1 plus oxaliplatin 112 (66.3) 71 (68.3) 41 (63.1)
Time to initiation of adjuvant chemotherapy after surgery (year)

Median 0.95 0.93 0.95 NA 0.532
Range 0.62–1.56 0.62–1.49 0.68–1.56

Table 2 The Preliminary Analysis Between Genotype Status of the Three 
Polymorphisms and Disease-Free Survival

Polymorphisms Location MAF Median DFS (Year) P

rs2071559 Upstream region 0.22 6.0 vs 4.0 (AA vs AG/GG) 0.002

rs2305948 Coding region 0.15 5.4 vs 4.9 (CC vs CT/TT) 0.318

rs11941492 Intron region 0.28 5.1 vs 5.0 (CC vs CT/TT) 0.783
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Additionally, the 3-year OS rate was 87.39% (95% CI: 81.31–91.59%) and 5-year OS rate was 66.97% (95% CI: 59.07– 
73.69%).

Clinical Significance of rs2071559 Polymorphism
The GG and AG genotypes were combined as one group in a dominant manner, and 65 patients had the AG/GG 
genotypes. Association analysis between genotype status of rs2071559 and DFS was performed firstly. As illustrated in 
Figure 3, the median DFS of patients with the AA and AG/GG genotypes of the rs2071559 polymorphism was 6.0 years 
(95% CI: 4.61–7.39) and 4.0 (95% CI: 3.31–4.69) years, respectively. This difference was statistically significant 
(χ2=9.14, P=0.002). Furthermore, as shown in Figure 4, the median OS of patients with the AA and AG/GG genotypes 
of the rs2071559 polymorphism was not reached (NR) (95% CI: NR-NR) and 5.5 (95% CI: 4.89–6.11) years, 
respectively. The 5-year OS rate of patients with the AA and AG/GG genotypes of the rs2071559 polymorphism was 
76.00% (95% CI: 66.33–83.24%) and 52.22% (95% CI: 38.92–63.94%), respectively. This difference was also statisti-
cally significant (χ2=6.48, P=0.011).

Figure 2 Disease free survival and overall survival of the 169 patients with gastric cancer who received S-1-based adjuvant chemotherapy.

Figure 3 Disease free survival of the 169 patients with gastric cancer who received S-1-based adjuvant chemotherapy according to KDR rs2071559 genotype status.
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The median DFS and 95% CI were calculated according to the different baseline characteristic subgroups in the 
univariate analysis. Interestingly, as shown in Table 3, ECOG performance status score, pathological staging, and resection 
type were significantly associated with DFS in univariate analysis, which suggested that the median DFS of patients with 

Figure 4 Overall survival of the 169 patients with gastric cancer who received S-1-based adjuvant chemotherapy according to KDR rs2071559 genotype status.

Table 3 Univariate and Multivariate Analyses of DFS Among the 169 Patients with Gastric Cancer

Baseline Characteristics Median DFS  
(95% CI)

P (Univariate  
Analysis)

Multivariate Analysis

HR (95% CI) P

Age

<56 5.1 (4.32–5.88) 0.635

≥56 5.0 (4.07–5.93)
Gender

Female 5.5 (4.49–6.51) 0.418

Male 5.0 (4.17–5.83)
ECOG performance status score

0 6.1 (5.22–6.98) 0.008 0.69 (0.46–0.89) 0.011

1–2 4.4 (3.65–5.15)
Pathological staging

IIA-IIB 6.3 (5.49–7.11) 0.001 0.59 (0.33–0.83) 0.007

IIIA-IIIC 4.2 (3.42–4.98)
Resection type

Total resection 4.4 (3.39–5.41) 0.019 1.22 (1.09–1.67) 0.023
Distal resection 5.5 (4.66–6.34)

Type of lymph-node dissection

D2 5.5 (4.71–6.29) 0.219
Non-D2 4.9 (4.22–5.58)

Adjuvant chemotherapy regimen

S-1 monotherapy 4.9 (4.09–5.71) 0.328
S-1 plus oxaliplatin 5.4 (4.63–6.17)

KDR rs2071559 genotype status

AA 6.0 (4.61–7.39) 0.002 0.67 (0.41–0.87) 0.009
AG/GG 4.0 (3.31–4.69)

(Continued)
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ECOG 0 score was dramatically longer than that of patients with the 1–2 score (median DFS: 6.1 vs 4.4 years, P=0.008), 
the median DFS of patients with pathological staging of IIA-IIB was significant better than that of patients with IIIA-IIIC 
(median DFS: 6.3 vs 4.2 years, P=0.001). Additionally, patients who underwent total resection had worse DFS than those 
who underwent distal resection (median DFS: 4.4 vs 5.5 years, P=0.019). Furthermore, multivariate Cox regression analysis 
for DFS was performed, including baseline characteristics that were significant in the univariate analysis (P<0.05). 
Multivariate analysis results are shown in Table 3, and a statistically significant difference was still found between the 
KDR rs2071559 polymorphism and DFS, which demonstrated that the rs2071559 polymorphism was an independent factor 
for DFS (hazard ratio (HR) = 0.67, P = 0.009). Furthermore, as shown in Table 3, after adjusting for Cox regression 
analysis, the ECOG performance status score (HR = 0.69, P = 0.011), pathological staging (HR = 0.59, P = 0.007) and 
resection type (HR = 1.22, P = 0.023) were independent factors for DFS.

Additionally, the safety profile of S-1-based adjuvant chemotherapy regimens and correlation analysis were shown in 
Table S2. No statistically significant difference was found between the safety profile and genotype status of rs2071559 
(P>0.05), indicating that the rs2071559 genotype status in the KDR gene failed to influence the safety profile of 
S-1-based adjuvant chemotherapy.

Correlation Between rs2071559 Polymorphism and KDR mRNA Expression
Expression of KDR mRNA was implemented by extracting RNA from 76 PBMC specimens, and the relevance analysis 
between the genotype status of rs2071559 polymorphism and KDR mRNA expression was subsequently analyzed. The 
prevalence of the rs2071559 polymorphism in the 76 PBMC specimens was as follows: AA genotype, 47 cases (61.8%); 
AG genotype, 26 cases (34.2%); and GG genotype, three cases (3.9%), yielding an MAF of 0.21. Similarly, the AG and 
GG genotypes were combined for subsequent analysis. As illustrated in Figure 5, patients with the AG/GG genotype 
conferred a relatively higher KDR mRNA expression than patients with the AA genotype (AG/GG vs AA: 3.96 ± 0.675 
vs 3.08 ± 0.755, t = 5.166, P < 0.001).

The KDR mRNA expression status was divided into KDR high expression (KDR-H) and KDR low expression (KDR- 
L) according to the median KDR mRNA relative expression threshold value to explore its association with DFS. 
Noteworthily, 39 and 37 patients had KDR-H and KDR-L, respectively. As shown in Figure 6, patients with KDR-H 
showed a trend of worse DFS than those with KDR-L (median DFS: 5.3 vs 6.8 years), although the difference was not 
statistically significant (χ2=3.023, P=0.082).

Discussion
Our study highlighted and provided real-world evidence regarding the prognostic outcomes of patients with postsurgical 
GC who received S-1-based adjuvant chemotherapy. Meanwhile, the prognostic correlation analysis identified that 
polymorphism rs2071559 in the KDR gene might be a promising biomarker for predicting the recurrence risk and 
prognosis of patients with GC who were administered S-1-based adjuvant chemotherapy.

GC is a highly heterogeneous digestive system malignancy and one of the most common malignant types worldwide 
with a poor prognosis.24 S-1-based or capecitabine-based treatments are the standard postoperative adjuvant chemother-
apy regimens for patients with GC according to two Phase III clinical trials of ACTS-GC and CLASSIC, respectively.25 

However, it was still necessary to investigate the potential biomarkers based on the individual genome that might predict 

Table 3 (Continued). 

Baseline Characteristics Median DFS  
(95% CI)

P (Univariate  
Analysis)

Multivariate Analysis

HR (95% CI) P

Time to initiation of adjuvant chemotherapy

After surgery (year)
≤0.95 5.3 (4.09–6.51) 0.440

>0.95 4.6 (3.52–5.68)
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the prognosis of adjuvant chemotherapy, thus providing the maximum survival benefit for GC patients who received 
adjuvant chemotherapy clinically.26 Interestingly, considerable pharmacogenomic research results that might predict the 
therapeutic outcomes of patients with GC have been reported over the past few years,27–29 suggesting that genomic 

Figure 5 The relative expression level of KDR mRNA according to KDR rs2071559 genotype status.

Figure 6 Disease free survival of the 76 patients with gastric cancer who received S-1-based adjuvant chemotherapy according to KDR mRNA expression status.
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polymorphisms in patients with GC might be involved in the therapeutic outcomes of conventional chemotherapy to 
some extent.30

The median DFS and OS of 169 patients enrolled in this study who received S-1-based adjuvant chemotherapy were 
5.1 years and 6.7 years, respectively. It seemed that the prognosis was inferior to DFS and OS data in the ACTS-GC 
clinical trial (median DFS and OS in the study were both greater than 5.5 years).8 We speculated that the reasons might 
be as follows: First, this study was conducted retrospectively, which suggested that the management of the patients was 
not sufficient and normative compared with a well-designed phase III clinical trial, the similar findings were still 
observed in a previous retrospective study.31 Secondly, our study included more patients with an ECOG performance 
status of 2 than that in the ACTS-GC trial, and the results of the Cox analysis in our study demonstrated that patients with 
an ECOG of 1–2 score conferred a worse prognosis, which was consistent with the previous study as well.32 Thirdly, it 
should be noted that the proportion of stage II patients in this study was lower than the proportion of stage II patients in 
the ACTS-GC trial (37.9% vs 49.9%). Furthermore, a relatively superior prognosis of stage II patients was observed in 
the Cox multivariate analysis in our study. Collectively, all the above factors might contribute to the tendency that clinical 
outcomes in real-world retrospective studies might be relatively worse than those in phase III clinical trials.

Interestingly, many previous studies demonstrated that genetic variation in the drug metabolism gene might contribute 
to the therapeutic outcomes of chemotherapy to some extent.33 Polymorphism analysis in our study suggested that the 
AG/GG genotype of rs2071559 in KDR gene conferred a relatively worse prognosis among patients with GC who 
received postoperative adjuvant chemotherapy, which was in agreement with a previous study initiated by XR et al18 

A total of 256 patients with GC who underwent gastrectomy were included in their study, and KDR genetic variation and 
protein expression were analyzed. The results indicated that KDR expression was associated with worse prognosis, and 
KDR rs1870377 was an independent prognostic marker for GC. Another previous study initiated by YJ et al explored the 
association between polymorphisms in the anti-angiogenesis signaling pathway and prognosis of patients.34 A total of 81 
patients with advanced GC who were treated with systemic chemotherapy, and polymorphisms in the NRP-1 and KDR 
genes were genotyped. Correlation analysis highlighted that the TT genotype of rs1870377 in KDR is associated with 
superior OS and PFS. The design of this study was consistent with that of our study. Interestingly, another exploratory 
study initiated by ZY et al explored the implication of KDR polymorphism on the clinical outcomes of patients with 
advanced epithelial ovarian cancer (EOC) who received apatinib monotherapy.17 A total of 118 patients with advanced 
EOC who received apatinib monotherapy were recruited, and KDR gene polymorphism was genotyped, which indicated 
that TC/CC genotype of rs2071559 in KDR gene was associated with worse PFS and OS. The findings of this study were 
consistent with those of the present study. Collectively, these studies suggested that the AG/GG genotype of rs2071559 
might contribute to KDR gene expression, resulting in the potentiation of angiogenesis among patients with GC.

Additionally, potential mechanisms regarding the clinical significance of rs2071559 among 169 GC patients needed to 
be elucidated, and 76 randomly selected PBMC specimens were collected for mRNA expression analysis. We found that 
KDR mRNA expression was significantly higher in patients with the AG/GG genotype. Interestingly, two previous 
studies also found that rs2071559 also changed KDR mRNA expression, and AG/GG genotypes were associated with 
higher KDR mRNA expression.17,20 We speculated that the explanation regarding how this polymorphism changed gene 
expression might be as follows. First, located at upstream of the KDR gene, rs2071559, might be highly in linkage 
disequilibrium with another polymorphism located at the 3’UTR of the KDR gene. In this context, the different 
genotypes of the polymorphism could influence the binding site of the promoter, thus changing the gene expression of 
KDR to some extent, which was consistent with a previous study showing that 889C>T was highly in linkage 
disequilibrium with another polymorphism, rs7667298, which was located at the 5’UTR of the KDR gene.35 However, 
this hypothesis should be confirmed in a mechanistic study. This might explain how this polymorphism changed gene 
expression. Additionally, prognostic analysis between KDR mRNA expression status and DFS suggested that patients 
with high KDR expression tended to have worse DFS than those with low KDR expression, although the difference was 
not statistically significant (P=0.082) owing to the limited sample size (N=76). This result was consistent with that of 
a previous study initiated by Geng et al who investigated the implication of KDR genetic variation on the efficacy and 
safety of patients with advanced NSCLC who received first-line bevacizumab plus chemotherapy regimens.36 To the best 
of our knowledge, KDR was the most important receptor with the strongest binding ability to VEGF and played an 
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essential role in angiogenesis.37 Previous study highlighted that KDR protein expression conferred a vital role in the 
process of tumor proliferation and metastasis, demonstrating that higher levels of KDR expression in tumor cells were 
associated with a greater chance for tumor cells to regenerate blood vessels and relapse or metastasize.38 Furthermore, 
previous study found that patients with higher expression of KDR conferred worse PFS and OS in patients with GC.18 As 
a result, these results were consistent with our study to some extent. In addition, Schacher et al investigated the changes 
in KDR expression due to shear stress for each gene polymorphism in HUVEC. Unfortunately, no significant association 
was observed between polymorphism genotype status and basal expression of KDR in HUVECs,39 which contradicted 
the findings of our study. We speculated that this might be due to discrepancies in the included specimens. KDR played 
an important role in the process of epithelial-mesenchymal transition.40 Previous study highlighted that its mRNA 
expression in cancer tissue was significantly higher than that in normal tissue of endometrial carcinoma,41 suggesting that 
the mRNA expression of KDR in different tissues in vivo showed great differences. The specimen used in our study for 
KDR mRNA expression analysis was a PBMC specimen, different from that used in the study by Schacher et al, which 
might have resulted in the difference in KDR mRNA expression. Additionally, another clinical study initiated by 
Yoshinori Hirashima et al investigated the impact of VEGFR 1, 2 and 3 expression on the outcome of patients with 
gastric cancer included a total of 86 patients who underwent gastrectomy and received chemotherapy for recurrent or 
residual tumor.42 And they found that KDR (VEGFR2) expression in stromal vessels was correlated with shorter survival 
and lower response to S-1 based regimens. This study suggested that KDR might be related to response of S-1, which 
was in line with the result in our study to some extent. Therefore, it was clear currently that KDR was associated with the 
prognosis of patients with GC, but whether it was related to response of S-1 still needed to be further confirmed by larger 
sample studies, which was part of the reason why we conducted this study and explored the association between KDR 
and S-1. Collectively, the prognosis of GC who received S-1-based adjuvant chemotherapy might be affected by the 
KDR rs2071559 polymorphism by mediating the mRNA expression of KDR. This conclusion should be confirmed in 
prospective clinical trials.

Our study existed some limitations. Firstly, as a real-world study, the sample size was relatively small, and we failed 
to perform KDR protein expression analysis to identify the underlying mechanisms. Secondly, our study was designed as 
a retrospective analysis, and bias might not be avoided. We believed that an inherent bias in the retrospective study might 
have existed in our study: 1. Selection bias: This bias occurred when the selection of participants was not random or 
representative of the target population. This might have led to over- or under-representation of certain groups, potentially 
compromising the study results; 2. Information bias: Retrospective studies relied on existing data and medical records, 
which might have contained errors or incomplete information. This bias might have deteriorated the quality and 
reliability of the data analyzed; 3. Publication bias: Retrospective studies with positive or significant findings were 
more likely to be published than those with negative or nonsignificant results. This bias might have led to an over-
estimation of the treatment effects or associations. Thirdly, given that the number of patients in our study was limited, we 
failed to perform propensity score-matching analysis. Fourthly, for patients with GC who underwent surgical resection, 
only DFS and OS were available for clinical outcomes, which was different from patients with metastatic GC, who might 
also use objective response rate (ORR) and disease control rate (DCR) to describe the clinical outcomes.

In a word, clinical significance of rs2071559 in KDR was identified in univariate and multivariate analysis, which 
demonstrated that rs2071559 in KDR gene might be a promising biomarker for evaluating the recurrence risk and 
prognosis of patients with GC who received S-1-based adjuvant chemotherapy. In our opinion, patients with AG/GG 
genotypes in KDR gene might not benefit from S-1-based adjuvant chemotherapy, and more therapeutic regimens should 
be adopted if the AG/GG genotype in rs2071559 was detected clinically.
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